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A B S T R A C T

Background

Multiple sclerosis (MS) is a common demyelinating disease of the central nervous system. Although the exact pathogenesis remains
unknown, the leading theory is that it results from immune system dysregulation. Approved disease-modifying therapy appears to
modulate the immune system to improve MS-related outcomes. There is substantial interest in the ability of dietary interventions to
influence MS-related outcomes. This is an update of the Cochrane Review 'Dietary interventions for multiple sclerosis' (Farinotti 2003;
Farinotti 2007; Farinotti 2012).

Objectives

To assess the eIects of dietary interventions (including dietary plans with recommendations for specific whole foods, macronutrients, and
natural health products) compared to placebo or another intervention on health outcomes (including MS-related outcomes and serious
adverse events) in people with MS.

Search methods

On 30 May 2019, we searched CENTRAL, MEDLINE, Embase, and Web of Science. We also searched ClinicalTrials.gov, World Health
Organization International Clinical Trials Registry Platform (ICTRP), and Networked Digital Library of Theses and Dissertations (NDLTD). We
checked reference lists in identified trials and requested information from trial authors to identify any additional published or unpublished
data.

Selection criteria

We included any randomized controlled trial (RCT) or controlled clinical trial (CCT) examining the eIect of a dietary intervention versus
placebo or another intervention among participants with MS on MS-related outcomes, including relapses, disability progression, and
magnetic resonance imaging (MRI) measures.

Data collection and analysis

We used standard methodological procedures expected by Cochrane. Planned primary outcomes were number of participants
experiencing relapse and change in disability progression, according to a validated disability scale at the last reported follow-up. Secondary
outcomes included MRI activity, safety, and patient-reported outcomes. We entered and analysed data in Review Manager 5.
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Main results

We found 41 full-text articles examining 30 trials following full-text review. Participants were adults with MS, defined by established criteria,
presenting to MS clinics in Europe, North America, and the Middle East. Study design varied considerably, although all trials had at least
one methodological issue leading to unknown or high risk of bias. Trials examined: supplementation to increase polyunsaturated fatty
acids (PUFAs) (11 trials); a variety of antioxidant supplements (10 trials); dietary programmes (3 trials); and other dietary supplements (e.g.
acetyl L-carnitine, biotin, creatine, palmitoylethanolamide, probiotic, riboflavin) (6 trials).

In three trials comparing PUFAs with monounsaturated fatty acids (MUFAs), the evidence was very uncertain concerning diIerence in
relapses (risk ratio (RR) 1.02, 95% confidence interval (CI) 0.88 to 1.20; 3 studies, 217 participants; 75% in the PUFA group versus 74% in the
MUFA group; very low-certainty evidence). Among four trials comparing PUFAs with MUFAs, there may be little to no diIerence in global
impression of deterioration (RR 0.85, 95% CI 0.71 to 1.03; 4 studies, 542 participants; 40% in the PUFA group versus 47% in the MUFA group;
low-certainty evidence). In two trials comparing PUFAs with MUFAs (102 participants), there was very low-certainty evidence for change
in disability progression. None of the PUFA versus MUFA trials examined MRI outcomes. In one trial comparing PUFAs with MUFAs (40
participants), there were no serious adverse events; based on low-certainty evidence.

In two trials comparing diIerent PUFAs (omega-3 versus omega-6), there may be little to no diIerence in relapses (RR 1.02, 95% CI 0.62
to 1.66; 2 studies, 129 participants; 30% in the omega-3 versus 29% in the omega-6 group; low-certainty evidence). Among three trials
comparing omega-3 with omega-6, there may be little to no diIerence in change in disability progression, measured as mean change
in Expanded Disability Status Scale (EDSS) (mean diIerence (MD) 0.00, 95% CI -0.30 to 0.30; 3 studies, 166 participants; low-certainty
evidence). In one trial comparing omega-3 with omega-6, there was likely no diIerence in global impression of deterioration (RR 0.99,
95% CI 0.51 to 1.91; 1 study, 86 participants; 29% in omega-3 versus 29% in omega-6 group; moderate-certainty evidence). In one trial
comparing omega-3 with omega-6 (86 participants), there was likely no diIerence in number of new T1- weighted gadolinium-enhancing
lesions, based on moderate-certainty evidence. In four trials comparing omega-3 with omega-6, there may be little to no diIerence in
serious adverse events (RR 1.12, 95% CI 0.38 to 3.31; 4 studies, 230 participants; 6% in omega-3 versus 5% in omega-6 group; low-certainty
evidence).

In four trials examining antioxidant supplementation with placebo, there may be little to no diIerence in relapses (RR 0.98, 95% CI
0.59 to 1.64; 4 studies, 345 participants; 17% in the antioxidant group versus 17% in the placebo group; low-certainty evidence). In six
trials examining antioxidant supplementation with placebo, the evidence was very uncertain concerning change in disability progression,
measured as mean change of EDSS (MD -0.19, 95% CI -0.49 to 0.11; 6 studies, 490 participants; very low-certainty evidence). In two trials
examining antioxidant supplementation with placebo, there may be little to no diIerence in global impression of deterioration (RR 0.99,
95% 0.50 to 1.93; 2 studies, 190 participants; 15% in the antioxidant group versus 15% in the placebo group; low-certainty evidence). In
two trials examining antioxidant supplementation with placebo, the evidence was very uncertain concerning diIerence in gadolinium-
enhancing lesions (RR 0.67, 95% CI 0.09 to 4.88; 2 studies, 131 participants; 11% in the antioxidant group versus 16% in the placebo group;
very low-certainty evidence). In three trials examining antioxidant supplementation versus placebo, there may be little to no diIerence
in serious adverse events (RR. 0.72, 95% CI 0.17 to 3.08; 3 studies, 222 participants; 3% in the antioxidant group versus 4% in the placebo
group; low-certainty evidence).

Authors' conclusions

There are a variety of controlled trials addressing the eIects of dietary interventions for MS with substantial variation in active treatment,
comparator, and outcomes of interest. PUFA administration may not diIer when compared to alternatives with regards to relapse rate,
disability worsening, or overall clinical status in people with MS, but evidence is uncertain. Similarly, at present, there is insuIicient
evidence to determine whether supplementation with antioxidants or other dietary interventions have any impact on MS-related
outcomes.

P L A I N   L A N G U A G E   S U M M A R Y

Dietary interventions for multiple sclerosis-related outcomes

Review question

We assessed the eIects of any dietary intervention for multiple sclerosis (MS) (with the exception of vitamin D, which is the subject of
a separate Cochrane Review). We used the evidence from randomized controlled trials which are a type of study whereby people are
allocated at random to receive one of the clinical interventions.

Background

MS is a disorder where there is damage to the connecting fibres (white matter) in the brain and spinal cord. This can result in a variety of
neurological symptoms, including weakness, vision loss, sensory alteration, incoordination, and problems with bowel and bladder. The
cause is unknown, but the leading theory is that the body's own immune system plays a role in the disease. Approved treatments for MS
work by regulating the immune system. There is interest in whether dietary interventions, such as specific diets or dietary supplements
may influence MS.

Dietary interventions for multiple sclerosis-related outcomes (Review)
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Study characteristics

From our search of the literature, we found 41 full-text reports of 30 trials, studying a variety of dietary interventions. Eleven trials examined
polyunsaturated fatty acids (PUFAs), 10 examined a variety of antioxidant supplements, three examined dietary programmes, and six trials
examined other dietary supplements.

Key results and certainty of the evidence

Among clinical trials comparing PUFAs to monounsaturated fatty acids (MUFAs), there may be little to no diIerence in MS relapses or
global impression of deterioration. A single trial comparing PUFAs with MUFAs reported no serious adverse events. Among trials comparing
one PUFA type to another, there may be little to no diIerence in MS relapses or disability progression. There was likely no diIerence in
global impression of deterioration or enhancing MS lesions by PUFA type. There may be little to no diIerence in serious adverse events by
PUFA type. Among studies examining antioxidant supplementation, there may be little to no diIerence in MS relapses or global impression
of deterioration. There was very low-certainty evidence regarding the eIect of antioxidant versus placebo on disability worsening and
enhancing MS lesions. There may be little to no diIerence in serious adverse events between antioxidant and placebo. Otherwise, studies
of dietary programmes and other dietary supplements were too diIerent to group together for analysis. Many of the trials had problems
with their design or implementation that could have aIected our confidence in the results. At present, there is insuIicient high-certainty
evidence as to whether dietary interventions change the course of MS.

The evidence is current to May 2019.

Dietary interventions for multiple sclerosis-related outcomes (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Polyunsaturated fatty acid (PUFA) compared to monounsaturated fatty acid (MUFA) for multiple sclerosis (MS)

PUFA compared to MUFA for multiple sclerosis

Patient or population: adults with multiple sclerosis, defined by established criteria
Setting: multiple sclerosis clinics in Cyprus, UK and USA
Intervention: PUFA (including linolenic acid, linoleic acid, docosahexaenoic acid, eicosapentaenoic acid)
Comparison: MUFA (primarily oleic acid)

Anticipated absolute effects* (95% CI)Outcomes

Risk with MUFA Risk with PUFA

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Adults with MS:Relapse
(assessed as number of participants
experiencing relapse)
Follow-up: 1 to 2 years

74 per 100 75 per 100
(65 to 88)

RR 1.02
(0.88 to 1.20)

217
(3 RCTs)

⊕⊝⊝⊝

Very lowa

There may be lit-
tle to no benefit
of PUFA versus
MUFA on relaps-
es, although evi-
dence is very un-
certain.

Change in validated disability scale

(assessed with

EDSS - scale: 0 to 10)
Follow-up: 1 to 2 years

Millar 1973 reported no difference in change in
EDSS between PUFA and MUFA over two years. We-
instock-Guttman 2005 reported increase (worsen-
ing) in EDSS with MUFA (mean increase 0.35) com-
pared to a decrease (improvement) in EDSS with
PUFA (mean decrease 0.07) over one year.

- 102
(2 RCT)

⊕⊝⊝⊝

Very lowb

 

Adults with MS:Global impression of

deterioration

(investigator defined

global impression of deterioration)
Follow-up: 24 to 30 months

47 per 100 40 per 100
(34 to 49)

RR 0.85
(0.71 to 1.03)

542
(4 RCTs)

⊕⊕⊝⊝

Lowc

There may be lit-
tle to no benefit
of PUFA versus
MUFA on global
impression of de-
terioration.

MRI activity - not measured - - - - -  

SAEs

(assessed as number of participants
experiencing a SAE)

Pantzaris 2013 reported no adverse events in any
of 4 groups, including among 20 participants re-
ceiving PUFA and 20 participants receiving MUFA

- 40
(1 RCT)

⊕⊕⊝⊝

Lowd
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Follow-up: 30 months

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; RCT: random-
ized control trial; RR: risk ratio; SAE: serious adverse event

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded three levels for very serious risk of bias (including high risk of attrition bias in 2 studies and uncertain risk of attrition bias in 1 study) and serious imprecision (small
sample size in all studies).
bDowngraded three levels for very serious risk of bias (including high risk of performance bias, detection bias, attrition bias) and serious imprecision (small sample size).
cDowngraded two levels for very serious risk of bias (including high risk of attrition bias in 2 studies and uncertain risk of attrition bias in 2 studies along with high risk of reporting
bias in 2 studies where definition of improved and deteriorated was not provided).
dDowngraded two levels for serious risk of bias (including high risk of attrition bias) and serious imprecision (small sample size).
 
 

Summary of findings 2.   Omega-3 compared to omega-6 for multiple sclerosis (MS)

Omega-3 compared to omega-6 for multiple sclerosis

Patient or population: adults with multiple sclerosis, defined by established criteria
Setting: multiple sclerosis clinics in Iran, Mexico, Norway and USA
Intervention: omega-3 (fish oil including docosahexaenoic acid and eicosapentaenoic acid)
Comparison: omega-6 (corn oil, soybean oil, and sunflower oil including linoleic acid)

Anticipated absolute effects* (95% CI)Outcomes

Risk with omega-6 Risk with omega-3

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Adults with RRMS exposed to DMT (interferon
beta or fingolimod):

Relapse
(assessed as number of participants
experiencing relapse)
Follow-up: 1 to 2 years 29 per 100 30 per 100

(18 to 48)

RR 1.02
(0.62 to 1.66)

129
(2 RCTs)

⊕⊕⊝⊝

Lowa

There may be little to no
benefit of omega-3 ver-
sus omega-6 on relaps-
es.
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Adults with RRMS exposed to DMT (interferon
beta or fingolimod):

Change in validated disability scale

(assessed with EDSS - scale: 0 to 10)
Follow-up: 1 to 2 years Mean EDSS 2.1 MD 0.00

(0.30 lower to 0.30
higher)

- 166
(3 RCTs)

⊕⊕⊝⊝

Lowb

There may be little to no
benefit of omega-3 ver-
sus omega-6 on disabili-
ty worsening.

Adults with RRMS exposed to DMT (interferon
beta):

Global impression of deterioration

(investigator defined global impres-
sion of deterioration)
Follow-up: 2 years

29 per 100 29 per 100
(15 to 56)

RR 0.99
(0.51 to 1.91)

86
(1 RCT)

⊕⊕⊕⊝

Moderatec
Omega-3 is unlikely to
change the global im-
pression of deteriora-
tion.

MRI activity
(assessed by new gadolinium-en-
hancing lesions)
Follow-up: 2 years

Torkildsen 2012: There was no difference in
the number of new T1- weighted gadolini-
um-enhancing lesions between the omega-3
and omega-6 groups at 24 months (P = 0.17).

- 86
(1 RCT)

⊕⊕⊕⊝

Moderatec
 

Adults with MS:SAEs

(assessed as number of participants
experiencing a SAE)

Follow-up: 3 to 24 months

5 per 100 6 per 100
(2 to 18)

RR 1.12
(0.38 to 3.31)

230
(4 RCTs)

⊕⊕⊝⊝

Lowd

There may be little to
no difference between
omega-3 and omega-6
on serious adverse
events.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; DHA: docosahexaenoic acid; DMT: disease-modifying therapy; EDSS: Expanded Disability Status Scale; EPA: eicosapentaenoic acid; MD: mean dif-
ference; MS: multiple sclerosis; PUFA: polyunsaturated fatty acid; RCT: randomized control trial; RR: risk ratio; RRMS: relapsing remitting multiple sclerosis; SAE: serious
adverse event

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for serious risk of bias (including uncertain risk of attrition bias in 2 studies) and serious imprecision (small sample size in both studies).
bDowngraded two levels for serious risk of bias (including high risk of attrition bias in 1 study and uncertain risk of attrition bias in 2 studies) and serious imprecision (small
sample size in all studies).
cDowngraded one level for serious imprecision (small sample size).
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dDowngraded two levels for serious risk of bias (including high risk of attrition bias in 2 studies and uncertain risk of attrition bias in 2 studies) and serious imprecision (small
sample size in all studies).
 
 

Summary of findings 3.   Antioxidant compared to placebo for multiple sclerosis (MS)

Antioxidant compared to placebo for multiple sclerosis

Patient or population: adults with multiple sclerosis, defined by established criteria
Setting: multiple sclerosis clinics in France, Iran, Spain and USA
Intervention: antioxidant (including coenzyme Q10, cranberry extract, inosine, lipoic acid, vitamin A)
Comparison: placebo

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with
placebo

Risk with antiox-
idant

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Adults with MS:Relapse
(assessed as number of partici-
pants experiencing relapse)
Follow-up: 3 to 12 months

17 per 100 17 per 100
(10 to 28)

RR 0.98
(0.59 to 1.64)

345
(4 RCTs)

⊕⊕⊝⊝

Lowa

There may be little to no benefit of
antioxidant versus placebo on re-
lapses.

Adults with MS:Change in validated disability
scale

(assessed with EDSS - scale: 0 to
10)
Follow-up: 3 to 24 months

Mean EDSS 3.0b MD 0.19 lower
(0.49 lower to
0.11 higher)

- 490
(6 RCTs)

⊕⊝⊝⊝

Very lowc

There may be little to no benefit of
antioxidant versus placebo on pro-
gression, although evidence is very
uncertain.

Adults with RRMS exposed to DMT
(interferon beta):

Global impression of deteriora-
tion

(investigator defined global im-
pression of deterioration)
Follow-up: 9 to 24 months

15 per 100 15 per 100
(8 to 29)

RR 0.99
(0.50 to 1.93)

190
(2 RCTs)

⊕⊕⊝⊝

Lowd

There may be little to no benefit of
antioxidant versus control on global
impression deterioration.

Adults with RRMS:MRI activity
(assessed as number of partici-
pants with gadolinium-enhanc-
ing lesions)

Follow-up: 3 to 12 months

16 per 100 11 per 100
(1 to 77)

RR 0.67
(0.09 to 4.88)

131
(2 RCTs)

⊕⊝⊝⊝

Very lowe

There may be little to no benefit
of antioxidant versus control on
gadolinium-enhancing lesions, al-
though evidence is very uncertain.
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Adults with MS:SAEs

(assessed as number of partici-
pants experiencing a SAE)

Follow-up: 2 weeks to 1 year

4 per 100 3 per 100
(1 to 11)

RR 0.72
(0.17 to 3.08)

222
(3 RCTs)

⊕⊕⊝⊝

Lowf

There may be little to no difference
in serious adverse events between
antioxidant and placebo.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; DMT: disease-modifying therapy; EDSS: Expanded Disability Status Scale; MD: mean difference: MS: multiple sclerosis; RCT: randomized control tri-
al; RR: risk ratio; RRMS: relapsing remitting multiple sclerosis; SAE: serious adverse event

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for serious risk of bias (including high risk of attrition bias in 1 study and uncertain risk of attrition bias in 2 studies) and serious imprecision (small
sample size in all studies).
bMean EDSS does not include Bitarafan 2015, as absolute final EDSS was not provided aPer contacting author.
cDowngraded three levels for very serious risk of bias (including high risk of attrition bias in 3 studies and uncertain risk of attrition bias in 3 studies) and serious inconsistency
in EDSS between studies.
dDowngraded two levels for serious risk of bias (including high risk of attrition bias in 1 study) and serious imprecision (small sample size in both studies).
eDowngraded three levels for serious risk of bias (including high risk of attrition bias in 1 study and uncertain risk of attrition bias in 1 study), serious inconsistency in number of
participants experiencing gadolinium-enhancing lesions between studies, and serious imprecision (small sample size in both studies).
fDowngraded two levels for serious risk of bias (including high risk of attrition bias in 1 study and high risk of reporting bias in 1 study) and serious imprecision (small sample
size in all studies).
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B A C K G R O U N D

In this update of the Cochrane Review 'Dietary interventions for
multiple sclerosis' (Farinotti 2003; Farinotti 2007; Farinotti 2012), we
assess a broad range of dietary interventions in multiple sclerosis
(MS), with the exclusion of vitamin D which is the subject of another
Cochrane Review (Jagannath 2018). As conventional therapies are
only partially eIective, people with MS widely use complementary
and alternative medicine (CAM) with dietary interventions among
the most popular form of CAM (Pucci 2004; Leong 2009).

Description of the condition

Multiple sclerosis (MS) is a demyelinating disease of the central
nervous system (Noseworthy 2000). The estimated worldwide
prevalence of MS is greater than 2 million, with twice as many
females aIected as males (Atlas of MS 2013). The prevalence of
MS varies by continent, with Europe and North America having the
highest prevalence, at more than 100 per 100,000 individuals (Atlas
of MS 2013).

Although MS aetiology and pathogenesis remain poorly
understood, it is widely accepted that the disease has an immune-
mediated basis (even if the target antigen remains undetermined),
and occurs in genetically susceptible individuals (Kamm 2014).
Inflammation is believed to result in relapses and focal lesions
while neurodegeneration is believed to be responsible for disability
progression and brain atrophy (Ziemssen 2016). MS lesions consist
largely of T lymphocytes and macrophages with B lymphocytes
shown to activate proinflammatory T lymphocytes (Bar-Or 2010;
Lucchinetti 2005).

Approximately 85% of people with MS initially experience relapsing
remitting symptoms, while approximately 15% experience gradual
progression from symptom onset (Kamm 2014; Noseworthy 2000).
Diagnosis of MS is defined by criteria for relapsing remitting MS
(RRMS) and primary progressive MS (PPMS) (Lublin 1996; Poser
1983; Schumacher 1965; Thompson 2018). Ongoing description
of MS includes assessment of the disease modifiers of activity
(relapses or new inflammatory lesions on imaging) and progression
(gradual accumulation of disability) (Lublin 2014).

Despite advances in treatments, there is still no cure. MS
management is also largely directed at relieving symptoms,
which arise variably in the course of the disease. There are a
number of disease-modifying therapies used in the treatment of
relapsing forms of MS, including glatiramer acetate, interferon
beta, teriflunomide, dimethyl fumarate, fingolimod, natalizumab,
alemtuzumab, ocrelizumab, and cladribine (Giovannoni 2018;
Hauser 2017; Torkildsen 2016). While disease-modifying therapies
have been shown to reduce inflammatory relapses compared to
placebo or an active comparator in randomized controlled trials
(RCTs), the long-term eIect on disability progression is less clear, as
conclusions are drawn from observational studies (Trojano 2011).
In a cohort study, where the majority of individuals with RRMS
were treated with glatiramer acetate, or interferon beta, or both,
conversion from relapsing remitting to secondary progressive MS
(SPMS) was substantially lower than earlier studies conducted
before the availability of eIective disease-modifying therapy, at
approximately 15 years aPer disease onset (Cree 2016). There
are few disease-modifying therapies for progressive MS, although
ocrelizumab recently demonstrated modest reduction in disability
progression in PPMS (Montalban 2017).

Description of the intervention

We assess a broad range of dietary interventions, with the exception
of vitamin D, which is the subject of the Cochrane Review 'Vitamin
D for the management of multiple sclerosis' (Jagannath 2018).
In particular, eligible interventions include dietary programmes
with recommendations for specific whole foods, macronutrients
(i.e. fats), and supplementation with natural health products
(i.e. vitamins, minerals). All interventions could be administered
with or without exercise, behavioural support, or other lifestyle
interventions.

How the intervention might work

Dietary programmes with recommendations for specific whole
foods

We were interested in standardized dietary programmes that
have been evaluated in MS. An association between MS and
consumption of saturated fats has been reported (Esposito 2018).
In addition, vascular risk factors, including hypertension and
dyslipidaemia have been associated with disability progression
among individuals with MS (Marrie 2010). A diet low in fat may
help reduce vascular risk factors. The McDougall and Swank diets
are low-fat diets that have very low consumption of saturated
fats (Swank 2003a; Yadav 2016). Swank proposed that saturated
fats obstruct capillaries, leading to MS (Swank 2003b). The
Mediterranean diet is low in saturated fat, with the main fat
source being olive oil (Altowaijri 2017). Olive oil contains phenols,
which scavenge free radicals, and may be neuroprotective. The
Mediterranean diet is associated with reduced risk of vascular
complications (Estruch 2013). The Paleolithic (Paleo) diet promotes
consumption of food available to Paleolithic ancestors, including
leafy vegetables and lean meats (Altowaijri 2017).

Macronutrients

Polyunsaturated fatty acids (PUFAs) include omega-6 fatty acids
(e.g. linoleic acid) and omega-3 fatty acids (e.g. alpha-linolenic acid,
eicosapentaenoic acid, and docosahexaenoic acid) (Mehta 2009).
In a large prospective study, increased consumption of PUFAs has
been associated with reduced risk of MS (Bjornevik 2017). PUFAs
may have anti-inflammatory or immunomodulatory eIects (Mehta
2009).

Natural health products

Biotin (vitamin H) is a cofactor in carboxylation reactions that may
enhance fatty acid synthesis and support myelin repair (Tourbah
2016). High dose biotin (300 mg per day) may reduce disability
progression among individuals with progressive forms of MS.

Cobalamin (vitamin B12) deficiency may result in decreased
non-genomic methylation, including myelin basic protein and
membrane phospholipids, possibly contributing to demyelination
(Reynolds 2006). Meta-analysis did not reveal a significant
diIerence in vitamin B12 levels between individuals with MS
and controls, although there was higher homocysteine in the
blood of individuals with MS compared to controls (Dardiotis
2017). Homocysteine is converted to methionine by methionine
synthase which requires vitamin B12 as a cofactor, thus vitamin B12
deficiency results in hyperhomocysteinemia (Dardiotis 2017).

Oxidative stress is proposed to contribute to MS (Adamczyk
2016). Antioxidants neutralize free radicals and prevent

Dietary interventions for multiple sclerosis-related outcomes (Review)
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oxidation reactions. Antioxidants include beta-carotene (vitamin
A precursor), ascorbic acid (vitamin C), alpha-tocopherol (vitamin
E), selenium, as well as, polyphenols including curcumin found
in tumeric and quercetin found in ginkgo biloba (Adamczyk 2016;
Esposito 2018).

Why it is important to do this review

Complementary and alternative medicine (CAM) is an area of
intense interest for the MS community (Claflin 2018). Among
surveyed individuals with MS, use of a CAM therapy ranges from
37% to 100% (Claflin 2018). As the term suggests, CAM is beyond the
scope of conventional medicine and includes a range of practices.
Dietary interventions are among the most popular form of CAM
(Leong 2009; Pucci 2004), with MS patients more likely than other
populations to adopt a dietary intervention (O'Connor 2012). The
decision to initiate a dietary intervention is due to a broad range
of MS symptoms, along with a desire to improve overall well-
being (Leong 2009). To date, there are limited evidence-based
recommendations regarding dietary interventions for MS (Yadav
2014).

O B J E C T I V E S

To assess the eIects of dietary interventions (including
dietary plans with recommendations for specific whole foods,
macronutrients, and natural health products) compared to placebo
or another intervention on health outcomes (including MS-related
outcomes and serious adverse events) in people with MS.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomized controlled trials (RCTs) and controlled
clinical trials (CCTs) examining the eIects of a dietary intervention
for MS versus placebo or another intervention (head-to-head
comparison study design). We considered cluster-randomized and
cross-over trial designs. For cross-over trials, to avoid a unit of
analysis error, we planned to only include the first period of
randomization to intervention or control. We excluded studies
with historical controls, ecological studies and uncontrolled pre-
post evaluations (studies that used pretreatment data as the
comparison for treatment eIect, without randomizing patient
allocation), as these provide unreliable data for determining
associations.

Types of participants

We included adult individuals with diagnosis of MS, defined by
established criteria (Lublin 1996; Poser 1983; Schumacher 1965;
Thompson 2018). We included individuals regardless of age, sex,
duration of MS, degree of disability, course of the disease and
current/prior MS therapy.

Types of interventions

We considered any dietary intervention including dietary plans,
specific foods, macronutrients, or natural health products
compared to placebo or another intervention. We did not
consider vitamin D, as this is examined in another Cochrane
Review (Jagannath 2018). We considered trials reporting dietary
interventions along with pharmaceutical interventions only if

the pharmaceutical intervention was administered to both arms.
There was no minimum duration of intervention, although we
excluded single doses of an intervention as a single dose was not
representative of a dietary intervention. There was no minimum
follow-up interval.

Types of outcome measures

Primary outcomes

Primary outcomes were assessed at the last reported follow-up.

• Relapse among individuals with MS, within the follow-up period.
Relapse is typically defined as a clinical episode with symptoms
and signs typical of MS, with a duration of at least 24 hours,
with or without recovery, in the absence of fever or infection
(Thompson 2018).

• Change in any validated disability scale, among individuals with
MS, over the study period including:
* Expanded Disability Status Scale (EDSS) (Kurtzke 1983); and

* Multiple Sclerosis Functional Composite (MSFC) (Cohen
2012).

EDSS ranges from 0 (no neurologic abnormality) to 10 (death due
to MS). Disability progression is typically defined as an increase of
≥ 1 point in EDSS if baseline score < 5.5 and of ≥ 0.5 points in EDSS if
baseline score ≥ 5.5. The EDSS is the most widely accepted measure
of MS disability progression (Cohen 2012).

Secondary outcomes

Secondary outcomes were assessed at the last reported follow-up.

• Number of individuals with MS improved or deteriorated, as
determined by a patient or investigator global impression
of change, or other applied measure of global assessment.
Global impression of deterioration was defined as investigator
reported worsening or progression. This included the number
of participants experiencing progression according to the study
definition of a significant deterioration in EDSS.

• Magnetic resonance imaging (MRI) activity, i.e. new T2-
hyperintense lesions or gadolinium-enhancing lesions in people
with MS during the study period.

• Cognitive function characterized by any validated instrument,
i.e.
* Brief Repeatable Battery of Neuropsychological Tests (BRB-

N) (Boringa 2001); and

* Paced Auditory Serial Addition Test (PASAT) (Tombaugh
2006).

Participant-reported outcomes

• Health-related quality of life, characterized by any validated
instrument, i.e.
* 36-Item Short Form Health Survey (SF-36) (Brazier 1992); and

* Multiple Sclerosis Quality of Life-54 (MSQoL-54) (Vickrey
1995).

• Fatigue, characterized by any validated instrument, i.e.
* Modified Fatigue Impact Scale (MFIS) (Fisk 1994); and

* Fatigue Severity Scale (FSS) (Krupp 1989).

Dietary interventions for multiple sclerosis-related outcomes (Review)
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Safety

• Number experiencing ≥ one severe adverse event(s) within the
follow-up period. Severe events were defined as:
* fatal

* life-threatening

* require or prolong hospitalization or

* cause discontinuation of treatment.

We examined severe events to determine whether there were
any significant safety issues associated with dietary interventions
or whether adverse events caused discontinuation of the
intervention.

Search methods for identification of studies

To improve the comprehensiveness of our search, we worked with
a health sciences librarian and revised the search strategy from
the previous version of this review. We did not restrict our search
by language or publication status. References were imported into
Covidence (Covidence).

Electronic searches

On 30 May 2019, we searched the Cochrane Central Register of
Controlled Trials (CENTRAL; 2019, Issue 4) in the Cochrane Library),
MEDLINE (1966 to May 2019), Embase (1980 to May 2019), and the
Web of Science (1945 to May 2019). We also searched trial registries,
including ClinicalTrials.gov and the World Health Organization
International Clinical Trials Registry Platform (ICTRP) portal for
ongoing trials. We searched the Networked Digital Library of Theses
and Dissertations (NDLTD) for any relevant trial not published in
peer reviewed literature.

Detailed strategies are in the appendices: CENTRAL Appendix 1;
MEDLINE Appendix 2; Embase Appendix 3; Web of Science Appendix
4; ClinicalTrials.gov and ICTRP Appendix 5.

Searching other resources

We checked all references in the identified trials and contacted trial
authors to identify any additional published or unpublished data.

Data collection and analysis

We allocated studies to one of the following categories based on the
intervention: polyunsaturated fatty acid (PUFA) supplementation,
antioxidant supplementation, dietary programme, other dietary
supplementation.

Selection of studies

Two review authors (NEP, RM, LV) first independently assessed
the title and abstract of all studies identified by the searches to
determine whether a study satisfied the eligibility criteria for the
review. Then, two review authors (NEP, RM, LV, CJT) assessed the
full text of all studies selected through this process and made a final
decision regarding inclusion of the study. Any disagreement on the
eligibility of included studies was managed through discussion and
consensus. References were assessed in Covidence (Covidence).

Data extraction and management

Two review authors (NEP, CJT) independently extracted data for
studies to be included in the review. The data were extracted using
a predefined data extraction form created as a MicrosoP Excel

spreadsheet and entered into Review Manager (Review Manager
2014); both review authors re-checked all entries and resolved all
disagreements by discussion.

Our standardized data collection form contained the following.

• Study identification information

• Study characteristics, including trial design, inclusion/exclusion
criteria, and length of follow-up

• Participant characteristics, including age, sex, MS subtype, prior/
current disease-modifying therapy, and participants lost to
follow-up

• Intervention characteristics, including type, dose, duration,
concomitant treatment, and comparator intervention

• Primary and secondary outcome measures

• 'Risk of bias' assessment according to the Cochrane 'Risk of bias'
tool for randomized trials (Higgins 2011)

For unreported study data regarding population, intervention,
comparator, and outcomes, we attempted to contact the principal
investigators of all studies that fulfilled selection criteria to obtain
additional trial details.

Assessment of risk of bias in included studies

Two review authors (NEP, CJT, LV) independently evaluated each
included study for risk of bias (RoB) using the 'Risk of bias' tool
in the Cochrane Handbook for Systemic Reviews of Interventions
(Higgins 2011).

We assessed the following domains as 'low risk', 'unclear risk' or
'high risk'.

• Random sequence generation (selection bias)

• Allocation concealment (selection bias)

• Blinding of participants and personnel (performance bias)

• Blinding of outcome assessment (detection bias)

• Incomplete outcome data (attrition bias)

• Selective reporting (reporting bias)

• Other sources of bias (other bias)

Any disagreement was resolved by discussion among review
authors.

Measures of treatment e9ect

We evaluated each dietary intervention separately. For continuous
variables we extracted the number of participants, mean values,
and standard deviations (SDs) for the experimental and control
groups at baseline and at the end of follow-up. If studies reported
the same continuous outcomes (i.e. EDSS, SF-36), we calculated
the mean diIerences (MDs) with 95% confidence intervals (CIs).
If outcome data were diIerent but measured the same or similar
constructs (i.e. cognition or overall quality of life), we calculated
standardized mean diIerences (SMDs) with corresponding 95%
CIs. For dichotomous variables, we extracted the number of
participants with the outcome of interest and the total number of
participants in each group. This was used to calculate a risk ratio
(RR) with 95% CIs.

Dietary interventions for multiple sclerosis-related outcomes (Review)
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Unit of analysis issues

We did not encounter significant unit of analysis issues. If a study
reported diIerent doses of an intervention, we considered the
highest dose in the analysis. If there were repeated measurements
of outcomes over time, we considered the final measure as the one
most relevant to the long-term course of the participant. In cross-
over trials, we included only the first randomized arm.

Dealing with missing data

Missing data may be due to missing studies, outcomes, and
individuals. In the event of missing data, we contacted the principal
investigator of the trial with a request for data.

Assessment of heterogeneity

Heterogeneity among interventions was minimized by analysing
each intervention separately. We evaluated heterogeneity of the

eIect of the intervention between trials using the Chi2 test with

a significance level at P < 0.1. We also used the I2 statistic to

quantify possible heterogeneity with I2 > 50% indicating substantial
heterogeneity (Deeks 2017). If possible heterogeneity was detected,
we planned to perform subgroup analysis to assess the reasons for
heterogeneity.

Assessment of reporting biases

To ensure optimal completeness of identification of published
trials, we searched multiple trial databases and reviewed
references for relevant articles. To assess reporting bias, we
searched trial registries for completed and unreported trials of
dietary interventions for MS. In the event of unreported trials, the
review authors planned to request results from the trial principal
investigator. We used funnel plots to assess for small study bias
(Egger 1997). We used caution in the interpretation of funnel plots
where there were a small number of trials.

Data synthesis

We performed analysis separately for each intervention. We
conducted meta-analysis using a random-eIects model due
to anticipated heterogeneity both within and between studies.
Meta-analysis for continuous outcomes analysed diIerences in
means. Meta-analysis for dichotomous outcomes analysed RR. We
performed all analysis using Cochrane's Review Manager 5 soPware
(Review Manager 2014).

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analysis on participants
with diagnosis of relapsing versus progressive subtypes of MS,
anticipating that individuals with progressive MS will have
greater disability; sex (male versus female), anticipating that men
experience greater disability; age (< 55 years versus ≥ 55 years),
anticipating that older individuals experience greater disability;

dietary recommendations, provided with or without ongoing
support in following the intervention, assuming that those who
do not have ongoing support are less likely to follow dietary
recommendations; and compliance with the dietary intervention, if
this information was available. However, lack of data did not permit
subgroup analysis.

Sensitivity analysis

We performed a sensitivity analysis to verify the presence
of bias due to unequal distribution of losses to follow-up.
We used the total number of randomized participants as the
denominator and assumed that all missing participants (lost
to follow-up) experienced the outcome event for dichotomous
primary outcomes.

Summary of findings and assessment of the certainty of the
evidence

We created 'Summary of findings' tables to summarize the eIects
of interventions for key outcomes, including relapses, progression,
global impression of deterioration, MRI outcomes, and serious
adverse events. We rated the evidence for each outcome according
to the GRADE approach as high, moderate, low or very low certainty
and provided the rationale for these decisions. We downgraded
evidence for risk of bias, imprecision, indirectness, unexplained
heterogeneity, or publication bias. We upgraded evidence for a
large magnitude of eIect, if all plausible confounding tended
to underestimate an apparent intervention eIect, and a dose-
response gradient (Atkins 2004). 'Summary of findings' tables were
created using GRADEpro GDT (GRADEpro GDT).

R E S U L T S

Description of studies

A summary of trial design, participants, interventions, and
outcomes of the studies meeting the inclusion criteria are
summarized in the 'Characteristics of included studies' tables.

Results of the search

Our search strategy identified 2096 unique references. We found
1070 in MEDLINE, 532 in Embase, 406 in CENTRAL, and 766 in Web
of Science, with 2086 unique references. We found nine additional
references in ClinicalTrials.gov with three of these references also
found in the World Health Organization International Clinical Trials
Registry Platform (ICTRP). We identified one additional reference
from a review of the literature. We screened the titles and abstracts
of all identified references, with 140 papers identified for full-text
review. Finally, we included 30 trials, comprising a total of 41 related
full-text articles.

We recorded the study selection process using a PRISMA flow
diagram (Figure 1).
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Figure 1.   PRISMA Diagram
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Included studies

Detailed descriptions of the study design, participant
characteristics, and types of interventions used are provided in the
Characteristics of included studies table.

Polyunsaturated fatty acid (PUFA) supplementation

We found 11 RCTs on PUFA supplementation (Bates 1977; Bates
1978; Bates 1989; Millar 1973; Pantzaris 2013; Paty 1978; Ramirez-
Ramirez 2013; Shinto 2016; Torkildsen 2012; Weinstock-Guttman
2005; Zandi-Esfahan 2017), described below.

Bates 1977 was a parallel group, randomized double-blind trial of
152 participants with chronic progressive multiple sclerosis (MS)
in the United Kingdom. Groups A (linolenic acid and linoleic acid)
and C (linoleic acid) received the active treatment (polyunsaturated
fatty acid; PUFA) while Groups B and D acted as controls,
both receiving oleic acid (monounsaturated fatty acid; MUFA)
supplementation. There was no diIerence in the relapse rate,
although additional trial data were not available. APer two years of
treatment, 24/69 (34.8%) participants receiving PUFA deteriorated
and 21/65 (32.3%) receiving MUFA deteriorated. This excluded 18
participants who either died or withdrew during the study, as this
information was reported in aggregate form. Funding for this study
was obtained from the Multiple Sclerosis Society of Great Britain
and Northern Ireland.

Bates 1978 was a parallel group, randomized double-blind trial
of 116 participants with relapsing remitting (RRMS) MS in the
United Kingdom. Groups A (linolenic acid and linoleic acid) and C
(linoleic acid) received the active treatment (PUFA) while Groups
B and D acted as controls, both receiving oleic acid (MUFA).
APer two years of treatment, 51/58 (87.9%) participants receiving
PUFA experienced a relapse and 46/57 (80.7%) receiving MUFA
experienced a relapse. Authors reported that at two years, there
were significantly more patients in Group A than Group B who had
deteriorated according to EDSS, although additional data were not
available. Funding for this study was obtained from the Multiple
Sclerosis Society of Great Britain and Northern Ireland.

Bates 1989 was a parallel group, randomized double-blind trial
of 312 participants with RRMS in the United Kingdom. The
treatment group (PUFA) received fish oil capsules containing
eicosapentaenoic acid and docosahexaenoic acid. The control
group (MUFA) received capsules containing oleic acid. There was
no significant diIerence in relapse rate although additional data
were not available. APer two years of treatment, 67/146 (45.9%)
participants receiving PUFA and 82/147 (55.8%) receiving MUFA
deteriorated, according to EDSS. Funding was obtained from the
Multiple Sclerosis Society of Great Britain and Northern Ireland
and Action MS - Northern Ireland. The Marfleet Refining Company
provided fish oil and control group capsules.

Millar 1973 was a parallel group, randomized double-blind trial
of 87 participants with "inactive MS" in the United Kingdom.
The treatment group (PUFA) received sunflower seed emulsion
containing linoleic acid. The control group (MUFA) received an
emulsion containing primarily oleic acid. APer two years of
treatment, 25/36 (69.4%) participants receiving PUFA and 30/39
(76.9%) receiving MUFA experienced a relapse. APer two years of
treatment, EDSS in the treatment group was 3.1 and in the control
group was 3.3, with no standard deviation (SD) available. APer 2
years of treatment, 13/36 (36.1%) participants receiving PUFA and

18/39 (46.2%) receiving MUFA deteriorated. Funding was obtained
from the Multiple Sclerosis Society.

Pantzaris 2013 was a parallel group, randomized double-blind
trial of 80 participants with RRMS in Cyprus. There were four
groups: Group A (PUFA, vitamin A, low-dose vitamin E), Group B
(PUFA, vitamin A, high-dose vitamin E), and Group C (high dose
vitamin E), while Group D (olive oil largely composed of oleic acid)
was a placebo intervention. There was a significant reduction in
annualized relapse rate (ARR) comparing Group B to placebo with
ARR 0.40 in Group B and 1.04 in Group D (P < 0.05) aPer two years
of treatment. Group A had ARR 0.85, which was not significantly
diIerent from the placebo group. In the intention-to-treat analysis
at 30 months, disability progression (defined as an increase in EDSS
≥ 1 confirmed at 6 months) occurred among six participants in
Group A and seven participants in Group D. No significant adverse
events were experienced in any group. Funding was obtained from
the Cyprus Ministry of Commerce, Industry and Tourism.

Paty 1978 was a parallel group, randomized double-blind trial
of 96 participants with MS in Ontario, Canada. The treatment
group (PUFA) received sunflower seed emulsion containing linoleic
acid. The control group (MUFA) received olive emulsion containing
primarily oleic acid. APer 30 months of treatment, there was no
diIerence in relapse number or severity between groups, although
the number of individuals experiencing a relapse in either group
was not reported. At 30 months, there was no diIerence in EDSS
between groups, although EDSS attributed to the intervention and
control group was unclear and SD was not provided. Funding was
obtained from the Multiple Sclerosis Society of Canada.

Ramirez-Ramirez 2013 was a parallel group, randomized double-
blind trial of 50 participants with RRMS in Mexico taking interferon
beta-1b 250 mcg subcutaneously once every two days ≥ one year
prior to study enrolment. The active treatment group (PUFA -
omega-3) received fish oil capsules containing eicosapentaenoic
acid and docosahexaenoic acid along with excipient. The control
group received placebo capsules containing excipient (glycerin,
water, tocopherol, sunflower oil, and titanium dioxide). Sunflower
oil is largely composed of linoleic acid (PUFA - omega-6). There was
no diIerence in relapse rate aPer one year of treatment between
the intervention (0.84, SD 0.9) and control (1.00, SD 1) groups.
There was no diIerence in mean EDSS aPer one year of treatment
between intervention (mean 2.20, SD 1.0) and control (mean 2.20,
SD 0.8) groups. Fish oil supplementation was well-tolerated and
no severe adverse events occurred aPer one year in either group
according to the study definition of severe adverse event. There
were two participants in the fish oil group and one participant in
the control group that discontinued the intervention due to adverse
events. There was no reported funding.

Shinto 2016 was a parallel group, randomized double-blind trial
of 39 participants with MS and major depressive disorder taking
an antidepressant in the United States. The active treatment
group (PUFA- omega-3) received fish oil capsules containing
eicosapentaenoic acid and docosahexaenoic acid. The control
group received placebo capsules containing soybean oil, which
is largely composed of linoleic acid (PUFA - omega-6). There
was no significant diIerence in the primary outcome of ≥ 50%
improvement in the Montgomery-Asberg Depression Rating Scale
(MADRS) at three months. There was no significant diIerence
in change in quality of life between groups, measured using
the SF-36 reported as mean change and standard error of the
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mean. There were no serious adverse events over three months,
according to the study definition of serious adverse event, which
was not explicitly stated. There was one participant in the fish
oil group and two participants in the soybean oil group who
discontinued the intervention due to adverse events. Funding was
obtained from National Institutes of Health/National Center for
Complementary and Alternative Medicine and National Center for
Advancing Translational Research.

Torkildsen 2012 was a parallel group, randomized double-
blind trial of 92 participants with RRMS in Norway. The active
treatment group (PUFA - omega-3) received eicosapentaenoic acid
and docosahexaenoic acid. The control group received placebo
capsules containing corn oil, which is largely composed of linoleic
acid (PUFA - omega-6). APer the first six months, all participants also
received interferon beta-1a 44 mcg three times/week for a further
18 months. There was no significant diIerence in the primary
outcome of new T1-weighted gadolinium-enhancing lesions over
the initial six months between the active treatment and control
groups. In addition, there was no diIerence in new T1-weighted
gadolinium-enhancing lesions aPer 24 months of treatment. At
24 months, 57% of the remaining 45 participants in the omega-3
group and 58% of the remaining 41 participants in the control
group remained relapse free. At 24 months of treatment, there
was no significant diIerence in mean EDSS between the omega-3
(mean 2.22, SD 1.32) and control (mean 2.19, SD 1.34) groups.
Disease progression, although not defined, was reported to have
occurred among 13 out of 45 participants in the omega-3 group
and 12 out of 41 in the control group over 24 months. APer 24
months of treatment, there was no diIerence in MSFC, FSS, or
SF-36 scores between the omega-3 and control groups. There
were three participants in the omega-3 group (fecal incontinence,
abortion, anaemia) and one participant in the control group
(urinary tract infection/pain) who experienced a serious adverse
event according to the study protocol definition of serious adverse
event. In addition, one participant in the fish oil group and two
participants in the control group discontinued therapy for adverse
events. Funding was obtained from Western Norway Regional
Health Authority, Norwegian Multiple Sclerosis Society, Pronova
Biocare, Amersham Health, and Merck-Serono.

Weinstock-Guttman 2005 was a parallel group, randomized double-
blind trial of 31 participants with RRMS in the United States.
The active treatment group (PUFA) received capsules containing
eicosapentaenoic acid and docosahexaenoic acid. The control
group (MUFA) received capsules containing olive oil, which is
largely composed of oleic acid. The primary outcome of physical
component scale of the SF-36 was greater in the fish oil compared
to the placebo group at six months, but was not significant at 12
months. Unpublished data were obtained indicating 3/13 (23.1%)
participants in the PUFA group and 5/14 (35.7%) participants in the
MUFA group experienced a relapse aPer 12 months of treatment.
There was a weak trend noted in slight improvement in EDSS
in the PUFA group and slight worsening in the MUFA group,
although limited data were provided. Fatigue, measured using the
MFIS, demonstrated lower fatigue levels in the placebo group at
six months compared to the active treatment group, although
there was no significant diIerence between groups at 12 months.
Funding was obtained from the National Multiple Sclerosis Society
and Mellen Center Foundation.

Zandi-Esfahan 2017 was a parallel group, randomized double-blind
trial of 50 participants with RRMS receiving fingolimod in Iran.
The active treatment group (PUFA - omega-3) received capsules
containing eicosapentaenoic acid and docosahexaenoic acid along
with excipient. The control group (PUFA - omega-6) received
capsules containing only excipient (glycerin, water, tocopherol,
sunflower oil, titanium dioxide). Sunflower oil contains linoleic
acid. The primary outcome was cytokine levels at 12 months, which
did not diIer between groups. There was no diIerence in change
of EDSS over 12 months of treatment between groups. Over 12
months of treatment, one participant in the active treatment group
and one participant in the control group experienced a relapse aPer
which they were removed from the study. Three participants were
excluded for hypotension/bradycardia secondary to fingolimod,
which was administered to both groups. Funding was obtained
from the Vice-Chancellor for Research and Technology of Isfahan
University of Medical Sciences.

Antioxidant supplementation

We found 10 RCTs evaluating antioxidants with a focus on inosine
(Gonsette 2010; Markowitz 2009; Munoz Garcia 2015), lipoic acid
(Khalili 2012; Khalili 2014; Yadav 2005), vitamin A (Bitarafan 2015),
cranberry (Gallien 2014), epigallocatechin-3-gallate (Mahler 2015),
and coenzyme Q10 (Sanoobar 2015).

Three trials examined inosine. Gonsette 2010 was a parallel
group, randomized double-blind trial of 159 participants with
RRMS receiving interferon beta in Europe. The active treatment
(antioxidant) group received capsules containing inosine and the
control group received placebo. APer 24 months of treatment, there
was no diIerence in the number of participants with neurological
deterioration between the inosine (14/79) and control (14/78)
groups. At 24 months, there was no diIerence in EDSS between the
active treatment (mean 2.30, SD 1.3) and control (mean 2.10, SD 1.3)
groups. In addition, there was no diIerence in MSFC score between
groups. APer 24 months of treatment, there was no diIerence in
the annual relapse rate between groups, although the number of
participants experiencing relapses could not be determined from
reported data. Although adverse events were reported, serious
adverse events were not defined. Funding was obtained from
the Foundation Charcot Stichting, Brussels, Belgium. Markowitz
2009 was a randomized double-blind, placebo-controlled cross-
over trial of 16 participants with RRMS in the United States
randomized to inosine or placebo for the first six months. EDSS
over the initial six months improved on inosine (mean 1.90, SD
0.4) versus placebo (mean 3.10, SD 1.2) although the number of
participants remaining in each group at six months was unclear.
Also, there were fewer relapses and gadolinium-enhancing lesions
when serum uric acid > 7.0 mg/dL, although we were unable
to determine events in the inosine versus placebo group over
the initial six months. Four participants over the entire 12-month
study developed renal lithiasis, and three were removed from the
study. Funding was obtained from Commonwealth of Pennsylvania
Department of Health to Biotechnology Foundation Laboratories
and National Institutes of Health. Munoz Garcia 2015 was a parallel
group, randomized double-blind trial of 36 participants with RRMS
in Spain treated with interferon beta-1a randomized to inosine
or placebo for nine months. Relapses were experienced by 4/18
in the inosine group and 4/15 in the placebo group aPer nine
months. No participant was felt to have experienced progression
by clinical or radiological parameters aPer nine months of dietary
intervention. There were no diIerences in MRI outcomes at 12
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months, including new gadolinium-enhancing lesions between
inosine (mean diIerence [MD] 1.10, SD 6.1) and placebo (MD
-1.60, SD 2.4) groups. Three participants withdrew due to adverse
events over nine months of interferon beta-1a plus inosine or
interferon beta-1a plus placebo including one from the inosine
group (hyperthyroidism and appendicitis) versus two from the
placebo group (1 arthralgias, 1 hypertransaminemia). There was no
reported funding.

Three trials examined lipoic acid. Khalili 2012 was a parallel group,
randomized double-blind trial of 50 participants with RRMS in
Iran randomized to lipoic acid or placebo for three months. At
three months, there was no diIerence in EDSS between the lipoic
acid (mean 1.70, SD 1.3) and placebo (mean 1.70, SD 1.4) groups.
In addition, there was no diIerence in FSS between the lipoic
acid (mean 38.40, SD 13.8) and placebo (mean 35.20, SD 10.3)
groups. There was conflicting information concerning the number
of individuals with new gadolinium-enhancing lesions at three
months. The text indicated one of 22 (4.5%) individuals in the lipoic
acid group and four of 17 (23.5%) individuals in the placebo group
experienced ≥ one new gadolinium-enhancing plaque at three
months. There was no reported funding. Khalili 2014 was a parallel
group, randomized double-blind trial of 52 participants with RRMS
in Iran randomized to lipoic acid or placebo for three months.
APer three months of treatment, there was no diIerence in EDSS
between the lipoic acid (mean 2.00, SD 0.3) and placebo (mean 1.70,
SD 0.3) groups. Funding was obtained from the Vice-Chancellor for
Research of Tehran University of Medical Sciences. Yadav 2005 was
a parallel group, randomized double-blind trial of 37 participants
with MS in the United States randomized to lipoic acid (3 diIerent
doses) or placebo. Although EDSS was examined at baseline and
14 days, EDSS at follow-up was not reported. One participant in
the lipoic acid 1200 mg twice daily group discontinued treatment
due to development of a maculopapular rash associated with
fever. Funding was obtained from the National Institutes of Health,
Department of Veterans AIairs, Nancy Davis Center WIthout Walls,
and Oregon Health & Science University General Clinic Research
Centre. Capsules were provided by Pure Encapsulations.

Bitarafan 2015 was a parallel group, randomized double-blind
trial of 101 participants with RRMS in Iran randomized to retinyl
palmitate or placebo. APer one year of treatment, relapses occurred
among 11/47 (23.4%) in the vitamin A group and 6/46 (13.0%) in
the placebo group. There was no diIerence in change in EDSS
over one year between the treatment and placebo groups. There
was a significantly smaller deterioration in MSFC score over one
year in the vitamin A group compared to the control group, which
was primarily due to upper limb function and cognition. At one
year, gadolinium-enhancing lesions occurred among 9/46 (19.6%)
participants in the treatment group and 6/46 (13.0%) in the placebo
group. Funding was obtained from Tehran University of Medical
Sciences.

Gallien 2014 was a parallel group, randomized double-blind trial
of 171 participants with MS in France randomized to cranberry
extract containing proanthocyanidins or placebo. APer one year
of treatment, a relapse had occurred among 12/82 (14.6%)
participants in the cranberry group and 19/89 (21.3%) in the
placebo group. At one year, EDSS was reported to have remained
stable, although no data were presented in the publication.
Correspondence with the author revealed no significant diIerence
in EDSS between the cranberry group (mean 5.62, SD 1.64) and

control group (mean 5.41, SD 1.51) at 1 year. While it was reported
that there were no serious adverse events, two participants in
the cranberry group and one participant in the placebo group
discontinued the intervention due to an adverse event, although
these were not attributed to the intervention. Funding was
obtained from the French Ministry of Health.

Mahler 2015 was a parallel group, randomized double-blind,
placebo-controlled cross-over trial of 20 participants with RRMS
in Germany randomized to epigallocatechin-3-gallate or placebo
for 12 weeks followed by a four-week washout then the other
intervention for 12 weeks. APer 12 weeks, there was evidence of
improved muscle metabolism among participants receiving EGCG
compared to placebo in men to a greater extent than women.
Although EDSS was reported at baseline and 12 weeks, the initial
randomization group was not clear and values were presented
separately for men and women. Funding was obtained from
Deutsche ForschungsgemeinschaP.

Sanoobar 2015 was a parallel group, randomized double-blind trial
of 48 participants with RRMS in Iran randomized to coenzyme Q10
or placebo for 12 weeks. Over 12 weeks, two of 24 participants
in the coenzyme Q10 group and one of 24 participants in
the placebo group were excluded for a relapse. There was no
significant diIerence in change of EDSS over 12 weeks of treatment
between the coenzyme Q10 and placebo groups. APer 12 weeks of
treatment, there was significant improvement in fatigue, measured
using the FSS, in the coenzyme Q10 compared to placebo group.
Funding was obtained from the Vice-Chancellor for Research of
Tehran University of Medical Sciences.

Dietary programmes

Three RCTs focused on dietary programmes: Paleolithic (Paleo) diet
(Irish 2017), Hot-nature diet (Rezapour-Firouzi 2013), and a low-fat
plant-based diet (Yadav 2016).

Irish 2017 was a parallel group trial of 34 participants with RRMS
in the United States allocated to the modified Paleo diet or usual
diet for three months. Over three months, fatigue measured using
the FSS, significantly decreased in the dietary intervention group
compared to the control group. Three participants in the dietary
intervention group compared to 0 participants in the control
group experienced clinically significant improvement in fatigue
(FSS > 2 point reduction). There were greater improvements in
quality of life measures in the dietary intervention group than
control group at three months, according to the Multiple Sclerosis
Quality of Life-54 (MSQoL-54). All dietary intervention participants
experienced an improvement in mental health-related quality of
life compared to three control group participants. In addition, seven
dietary intervention participants compared to three control group
participants experienced improvement in physical health-related
quality of life. The MSFC revealed no significant change between
groups in the timed 25-foot walk or PASAT although there was
improvement in the 9-Hole Peg Test, using the dominant hand,
in the dietary intervention group compared to control group. One
participant was withdrawn from the dietary intervention group and
two participants from the control group for a flare-up. No adverse
events were reported. Funding was obtained from TZ press which is
owned by an author of the study.

Rezapour-Firouzi 2013 was a parallel group, randomized double-
blind trial of 100 participants with RRMS in Iran randomized to
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hemp seed oil/evening primrose oil plus Hot-nature diet (group
A), olive oil placebo (group B), or hemp seed oil/evening primrose
oil (group C) for six months. EDSS significantly improved over
six months in the hemp seed oil/evening primrose oil with and
without Hot-nature diet groups while significantly deteriorated
in the placebo group. Over six months, three relapses were
experienced in the placebo group, one relapse in the hemp seed
oil/evening primrose oil group, and one relapse in the hempseed
oil/evening primrose oil with Hot-nature diet group, although the
number of participants experiencing relapses was unclear in the
placebo group. There were no serious adverse events, although the
definition of a serious adverse event was not provided. Funding was
obtained from Tabriz University of Medical Sciences.

Yadav 2016 was a parallel group, randomized single-blind trial
of 61 participants with RRMS in the United States randomized
to very low fat, plant-based diet compared to waiting list over
12 months. APer 12 months, there was no diIerence between
groups in MRI measures including new T2 lesions, gadolinium-
enhancing lesions, and brain volume. There was no diIerence
in relapses between groups with seven participants in the diet
group and eight participants in the control group experiencing one
or more relapse(s). There was no diIerence between groups in
change in EDSS or MSFC over 12 months. There were statistically
significant improvements in fatigue in the diet compared to the
control group, according to the FSS and MFIS. At 12 months, there
was no diIerence in quality of life between groups, measured using
the SF-36. No severe adverse events were reported, although the
definition of severe adverse event was not provided. Funding was
obtained from the McDougall Research & Education Foundation
which has a study author as president.

Other supplements

Six RCTs focused individually on other supplements including
probiotics (Kouchaki 2017), creatine (Malin 2008), riboflavin
(Naghashpour 2013), palmitoylethanolamide (Orefice 2016),
carnitine (Tomassini 2004), and biotin (Tourbah 2016).

Kouchaki 2017 was a parallel group, randomized double-blind
trial of 60 participants with RRMS in Iran randomized to probiotic
versus placebo for 12 weeks. Probiotic contained Lactobacillus
acidophilus, Lactobacillus casei, Bifidobacterium bifidum and
Lactobacillus fermentum. APer 12 weeks of treatment, EDSS
significantly improved in the probiotic group compared to placebo
group. There were no relapses or adverse events recorded during
the study. Funding was obtained from the Vice-Chancellor for
Research of Kashan University of Medical Sciences.

Malin 2008 was a parallel group, randomized double-blind cross-
over trial of 12 participants with MS in the United States randomized
to creatine monohydrate versus placebo for two weeks in phase
1. There was no significant diIerence in muscle work or power
between the creatine and placebo groups, although data were not
provided for phase 1. There was no diIerence in fatigue between
the treatment and control phase, measured using the FSS, although
data were not provided for phase 1. There were no adverse events.
Funding was obtained from the Department of Health, Nutrition,
and Exercise Sciences at the University of Delaware.

Naghashpour 2013 was a parallel group, randomized double-blind
trial of 54 participants with RRMS and secondary progressive MS
(SPMS) in Iran randomized to riboflavin versus placebo for six

months. APer six months of treatment, EDSS decreased in both
the riboflavin and placebo groups with no significant diIerence
between groups. Funding was obtained from the Vice-Chancellor
for Research AIairs of Ahvaz Jundishapur University of Medical
Sciences and the Academic Center for Education, Culture, and
Research-Khuzestan.

Orefice 2016 was a parallel group, randomized double-blind
trial of 29 participants with RRMS in Italy experiencing side
eIects from subcutaneous interferon beta-1a randomized to
palmitoylethanolamide versus placebo. While there was a
reduction in pain in the active treatment group compared to the
control group, measured using a visual analogue scale, there was
no diIerence in injection-related erythema width aPer 12 months.
Quality of life, measured using the MSQOL-54, improved in the
palmitoylethanolamide versus placebo group at 12 months for
two subscales (cognitive function, change in health). EDSS and
PASAT remained relatively stable in both groups over 12 months.
There were no treatment emergent adverse events. There was no
reported funding.

Tomassini 2004 was a parallel group, randomized cross-over trial of
36 participants with RRMS or SPMS in Italy randomized to acetyl L-
carnitine versus amantadine for three months in phase 1. Overall,
there was a significant diIerence in reduction of fatigue in the
acetyl L-carnitine versus amantadine group, assessed using the
FSS. Six participants withdrew from the study in phase 1 due to
adverse events, including one participant in the acetyl L-carnitine
group due to insomnia, and five participants in the amantadine
group due to nausea and dizziness. There was no reported funding.

Tourbah 2016 was a parallel group, randomized double-blind trial
of 154 participants with PPMS or SPMS in France randomized
to biotin (MD1003) versus placebo for 12 months. There was a
significant improvement in MS-related disability, measured using
the EDSS or timed 25-foot walk, at nine months and confirmed at 12
months with improvement noted in 13 participants receiving biotin
and 0 participants receiving placebo. APer 12 months of treatment,
EDSS significantly improved in the biotin group compared to the
placebo group. There was no significant diIerence in change in
timed 25-foot walk between the biotin and placebo groups. Over
12 months, 5/103 (4.9%) in the biotin group and 4/51 (7.8%) in
the placebo group experienced a relapse. In a subset receiving
MRI, there was no significant diIerence in new demyelinating
lesions on MRI between biotin and placebo group participants
aPer 12 months of intervention. Clinician and subject global
impression of change favoured the biotin versus placebo group
at 12 months. At 12 months, there was no significant diIerence
in fatigue between groups, measured using the MFIS. In addition,
there was no consistent diIerence in quality of life between
groups, measured using the SF-36. Six participants in the MD1003
group and seven participants in the placebo group discontinued
the intervention due to adverse events, including one participant
described as having a serious adverse event (mucocutaneous
rash) and one death due to suicide, both in the MD1003 group.
Funding was obtained from MedDay Pharmaceuticals which are the
manufacturers of MD1003.

Excluded studies

We excluded 45 studies following full-text review and listed
reasons for exclusion in the 'Characteristics of excluded studies'
table. We excluded 19 studies as the study designs were not
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RCTs (Cendrowski 1982; Cignarella 2017; Dworkin 1981; Dworkin
1984; Field 1979; Harbige 2007; Lovera 2015; Mertin 1973; Meyer-
Rienecker 1976; Millar 1984; Moccia 2019; Saresella 2017; Schultz
1984; Simpson 1985; Skakonik 1963; Swank 1990; Toncev 2006;
Tran 2018; van Rensburg 2006). We excluded nine RCTs as the
intervention did not meet the inclusion criteria (Bisaga 2011;
Bisaga 2012; Bitarafan 2013; Coe 2017; Kouchaki 2018; Lieben
2017; Loder 2002; Shinto 2008; Wade 2002). We excluded 17 RCTs
of dietary interventions with no clinical MS-related outcomes
(Bittner 2016; Eghtesadi 2015; Fitzgerald 2017; Gasperini 2011;
Holmoy 2013; Jafarirad 2012; Jafarirad 2013; Lambert 2003; Lopes
De Carvalho 2012; Mauriz 2013; Mauriz 2014; Mohammadzadeh
Honarvar 2013; Mohammadzadeh Honarvar 2016; Saboor-Yaraghi
2015; Salari 2015; Spitsin 2010; Tamtaji 2017).

Studies awaiting classification

There are six studies awaiting classification (Bock 2015; Kanter
2014; Khalili 2017; Loy 2018; Shah 2007; Tourbah 2018). Studies
examined beta-alanine (Kanter 2014), biotin (Tourbah 2018), lipoic
acid (Khalili 2017; Loy 2018), and dietary plans (Bock 2015; Shah
2007). In a single study, there was ambiguity concerning whether or
not the study was randomized (Loy 2018). In a single study, there
was limited information concerning co-interventions (Khalili 2017).

In four studies, limited results were available (Bock 2015; Kanter
2014; Shah 2007; Tourbah 2018). Further information is provided in
the Characteristics of studies awaiting classification table.

Ongoing studies

There are 10 ongoing studies (see Ongoing studies table). Studies
examine biotin (NCT02936037), curcumin (NCT01514370), caprylic
triglyceride (NCT01848327), D-aspartate (NCT03387046) and
dietary plans (NCT01915433; NCT02664623; NCT02914964;
NCT02986893; NCT03322982; NCT03508414). Dietary plans among
individuals with MS include a single study of the Wahls Paleo
plus (ketogenic) diet versus Wahls (modified Paleolithic) diet
versus usual diet (NCT01915433), a single study of the Swank
diet versus Wahls elimination diet (NCT02914964), and a single
study of a low-fat diet versus usual diet (NCT03322982) with all of
these studies examining dietary plans having a primary outcome
of fatigue. In a single study examining biotin versus placebo
among individuals with progressive MS, the primary outcome is
proportion of participants improved on either EDSS or TW25 at 15
months (NCT02936037).

Risk of bias in included studies

Risk of bias assessment is summarized in Figure 2 and Figure 3.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Pantzaris 2013 + + + + - ? +
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Figure 2.   (Continued)
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Tourbah 2016 + + + + ? ? +
Weinstock-Guttman 2005 ? ? - - - ? -

Yadav 2005 + + + ? ? - +
Yadav 2016 + - - ? - ? ?

Zandi-Esfahan 2017 ? + + ? ? ? ?

 
 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Allocation

Among trials comparing PUFA to MUFA, a single study
described adequate random sequence generation and allocation
concealment (Pantzaris 2013). No other studies comparing
PUFA to MUFA described the process for random sequence
generation and allocation concealment (Bates 1977; Bates 1978;
Bates 1989; Millar 1973; Paty 1978; Weinstock-Guttman 2005).
Among trials comparing diIerent PUFAs, three studies described
adequate computer-generated randomization (Ramirez-Ramirez
2013; Shinto 2016; Torkildsen 2012). In a single study comparing
omega-3 to omega-6, random sequence generation was not
described (Zandi-Esfahan 2017). Adequate allocation concealment
was reported in three studies (Shinto 2016; Torkildsen 2012; Zandi-
Esfahan 2017). The allocation concealment process was unclear in
a single study (Ramirez-Ramirez 2013).

Among trials examining antioxidant supplementation, five studies
described adequate computer-generated randomization (Gallien
2014; Gonsette 2010; Khalili 2012; Mahler 2015; Yadav 2005). In
five studies, the random sequence generation process was unclear
(Bitarafan 2015; Khalili 2014; Markowitz 2009; Munoz Garcia 2015;
Sanoobar 2015). Adequate allocation concealment was reported
in five studies (Gallien 2014; Khalili 2012; Mahler 2015; Markowitz
2009; Yadav 2005), and was unclear in five studies (Bitarafan 2015;
Gonsette 2010; Khalili 2014; Munoz Garcia 2015; Sanoobar 2015).

Among trials examining dietary programmes, a single study
described adequate random sequence generation, although

allocation was not concealed (Yadav 2016). A single study had an
unclear process of random sequence generation and allocation
concealment (Rezapour-Firouzi 2013). Additionally, a single study
had a high risk of selection bias for randomization by flipping a
coin for the first five participants followed by group allocation
based on Fatigue Severity Scale (FSS) score with lack of allocation
concealment (Irish 2017).

Among trials examining other supplements, two studies reported
adequate computer-generated randomization (Kouchaki 2017;
Tourbah 2016). In a single study, participants were randomized
based on assay kit number which we judged at high risk
for inadequate random sequence generation (Orefice 2016).
In three studies, the random sequence generation process
was unclear (Malin 2008; Naghashpour 2013; Tomassini 2004).
Adequate allocation concealment was described for two studies
(Naghashpour 2013; Tourbah 2016), while the other four studies
had an unclear process for allocation concealment (Kouchaki 2017;
Malin 2008; Orefice 2016; Tomassini 2004).

Blinding

Among trials comparing PUFA with MUFA, three studies described
adequate blinding of participants and personnel (Bates 1989; Millar
1973; Pantzaris 2013). Blinding of participants and personnel was
unclear in three studies (Bates 1977; Bates 1978; Paty 1978).
We considered a single study comparing PUFA to MUFA to be
at high risk for unblinding of participants and personnel due
to diIerent dietary advice administered to the treatment versus
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control groups (Weinstock-Guttman 2005). Adequate blinding of
outcome assessment was reported in a single study (Pantzaris
2013). The process of blinding outcome assessment was unclear
in five studies (Bates 1977; Bates 1978; Bates 1989; Millar 1973;
Paty 1978). We considered a single study to be at high risk of
bias in blinding of outcome assessment due to relapses being
recorded by the treating physician who was not blinded to the
intervention (Weinstock-Guttman 2005). Among studies comparing
diIerent types of PUFAs, adequate blinding of participants and
personnel was described in all studies (Ramirez-Ramirez 2013;
Shinto 2016; Torkildsen 2012; Zandi-Esfahan 2017). Three studies
described adequate blinding of outcome assessment (Ramirez-
Ramirez 2013; Shinto 2016; Torkildsen 2012), while the blinding of
outcome assessment was unclear in a single study (Zandi-Esfahan
2017).

Among trials examining antioxidant supplementation, six studies
reported adequate blinding of participants and personnel (Gallien
2014; Khalili 2012; Khalili 2014; Mahler 2015; Sanoobar 2015; Yadav
2005), while this process was unclear in a further four studies
(Bitarafan 2015; Gonsette 2010; Markowitz 2009; Munoz Garcia
2015). Blinding of outcome assessment was described as adequate
in five studies (Gallien 2014; Gonsette 2010; Mahler 2015; Markowitz
2009; Sanoobar 2015), while this process was unclear in a further
five studies (Bitarafan 2015; Khalili 2012; Khalili 2014; Munoz Garcia
2015; Yadav 2005).

Among trials examining dietary programmes, all were at high
risk of performance bias due to lack or inadequate blinding
for dietary intervention (Irish 2017; Rezapour-Firouzi 2013; Yadav
2016). Blinding of outcome assessment was described as adequate
in a single study (Rezapour-Firouzi 2013), unclear in a single study
(Yadav 2016), and unblinded in a single study (Irish 2017).

Among trials examining other supplements, four studies reported
adequate blinding of participants and personnel (Kouchaki 2017;
Malin 2008; Naghashpour 2013; Tourbah 2016), while this was
unclear in two studies (Orefice 2016; Tomassini 2004). Two
studies described adequate blinding of outcome assessment
(Naghashpour 2013; Tourbah 2016), while this was unclear in four
studies (Kouchaki 2017; Malin 2008; Orefice 2016; Tomassini 2004).

Incomplete outcome data

Among trials comparing PUFA to MUFA, all studies had participants
who did not complete the study, with loss to follow-up/missing
outcome data ranging from 6% to 49% across studies, leading to
an unclear (Bates 1989; Millar 1973), or high (Bates 1977; Bates
1978; Pantzaris 2013; Paty 1978; Weinstock-Guttman 2005) risk
of incomplete outcome data. Similarly, among studies comparing
diIerent types of PUFAs, all studies experienced loss to follow-up
ranging from 6% to 22% leading to an unclear (Torkildsen 2012;
Zandi-Esfahan 2017), or high (Ramirez-Ramirez 2013; Shinto 2016)
risk of incomplete outcome data.

Among trials examining antioxidant supplementation, Munoz
Garcia 2015 was at low risk of incomplete outcome data as all
participants were included in the analysis. Four studies were at
high risk of incomplete outcome data, with loss to follow-up
ranging from 22% to 35%, and an imbalance of missing outcome
data between groups (Gallien 2014; Gonsette 2010; Khalili 2012;
Markowitz 2009). The risk of incomplete outcome data in the

remaining five studies was unclear (Bitarafan 2015; Khalili 2014;
Mahler 2015; Sanoobar 2015; Yadav 2005).

Among trials examining dietary programmes, all studies were at
high risk of incomplete outcome data, with missing outcome data
ranging from 13% to 50% (Irish 2017; Rezapour-Firouzi 2013; Yadav
2016).

Among trials examining other supplements, two studies had a
low risk of incomplete outcome data (Kouchaki 2017; Orefice
2016). Two studies were at high risk of incomplete outcome
data, as missing participant outcome data ranged from 17% to
46%, and there were unbalanced withdrawals between groups
(Naghashpour 2013; Tomassini 2004). Finally, two studies had an
unclear risk of incomplete outcome data (Malin 2008; Tourbah
2016).

Selective reporting

Among trials comparing PUFA to MUFA, two studies did not
adequately define 'better' or 'deteriorated' as an outcome measure,
resulting in a high risk of selective reporting (Bates 1977;
Bates 1989). The remaining studies examining PUFA versus
MUFA had an unclear risk of selective reporting due to lack of
prespecified outcomes (Bates 1978; Millar 1973; Pantzaris 2013;
Paty 1978; Weinstock-Guttman 2005). Among studies comparing
diIerent types of PUFAs, two studies reported prespecified
outcomes (Shinto 2016; Torkildsen 2012), while two studies had
an unclear risk of selective reporting bias due to lack of outcome
prespecification (Ramirez-Ramirez 2013; Zandi-Esfahan 2017).

Among trials examining antioxidant supplementation, two studies
reported prespecified outcomes (Bitarafan 2015; Khalili 2014),
while four studies were at high risk of selective reporting bias
due to missing outcomes or conflicting reporting of results within
the same study (Khalili 2012; Mahler 2015; Markowitz 2009; Yadav
2005). The risk of selective reporting bias was unclear among the
remaining four studies (Gallien 2014; Gonsette 2010; Munoz Garcia
2015; Sanoobar 2015).

Among trials examining dietary programmes, a single study
adequately reported prespecified outcomes (Irish 2017), with the
risk of selective reporting unclear in the remaining two studies
(Rezapour-Firouzi 2013; Yadav 2016).

Among trials examining other supplements, a single study reported
prespecified outcomes (Kouchaki 2017). Two studies were at high
risk of reporting bias, as the initial randomization group was
unclear (Malin 2008; Tomassini 2004), and three studies were at
unclear risk of selective reporting (Naghashpour 2013; Orefice 2016;
Tourbah 2016).

Other potential sources of bias

Details of other potential sources of bias are reported in the 'Risk of
bias' tables.

E9ects of interventions

See: Summary of findings 1 Polyunsaturated fatty acid (PUFA)
compared to monounsaturated fatty acid (MUFA) for multiple
sclerosis (MS); Summary of findings 2 Omega-3 compared to
omega-6 for multiple sclerosis (MS); Summary of findings 3
Antioxidant compared to placebo for multiple sclerosis (MS)
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Polyunsaturated fatty acid (PUFA) versus monounsaturated
fatty acid (MUFA)

Relapse

Three trials reported the number of participants experiencing a
relapse during the study period (Bates 1978; Millar 1973; Weinstock-
Guttman 2005). Bates 1978 reported that 51/58 (87.9%) participants
receiving PUFA and 46/57 (80.7%) receiving MUFA experienced a
relapse over two years of treatment. Millar 1973 reported that

25/36 (69.4%) participants receiving PUFA and 30/39 (76.9%)
receiving MUFA experienced a relapse over two years of treatment.
Weinstock-Guttman 2005 reported that 3/13 (23.1%) participants
receiving PUFA and 5/14 (35.7%) receiving MUFA experienced a
relapse over one year of treatment. Overall, when we pooled
the data there was no diIerence in relapse between participants
treated with PUFA versus MUFA (risk ratio (RR) 1.02, 95% confidence
interval (CI) 0.88 to 1.20; 3 studies, 217 participants; very low-
certainty evidence; Summary of findings 1; Analysis 1.1; Figure 4).

 

Figure 4.   Forest plot of comparison: 1 PUFA versus MUFA, outcome: 1.1 Relapse.
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Change in validated disability scale

No trials reported this outcome in a form to allow for meta-analysis.
Millar 1973 reported no significant diIerence in change in EDSS
between the PUFA (+0.2) and MUFA (+0.6) group aPer 2 years with
no SD available. Paty 1978 reported no diIerence in EDSS between
groups aPer 30 months, although EDSS attributed to the PUFA and
MUFA group was unclear and SD was not provided. Weinstock-
Guttman 2005 reported a weak trend toward slight improvement
in EDSS in the PUFA group (-0.07) and slight worsening in the
MUFA group (+0.35), although SD was not provided (2 studies, 102
participants; Summary of findings 1).

Global impression of deterioration

Four trials reported global impression of deterioration during the
study period (Bates 1977; Bates 1989; Millar 1973; Pantzaris 2013).

Bates 1977 reported 24/69 (34.8%) participants receiving PUFA
and 21/65 (32.3%) receiving MUFA deteriorated aPer two years of
treatment. This excluded 18 participants who died or withdrew,
as this outcome was reported in aggregate. Bates 1989 reported
67/146 (45.9%) participants receiving PUFA and 82/147 (55.8%)
receiving MUFA deteriorated aPer two years of treatment. Millar
1973 reported 13/36 (36.1%) participants receiving PUFA and 18/39
(46.2%) receiving MUFA deteriorated over two years of treatment.
Pantzaris 2013 reported 6/20 (30%) participants receiving PUFA and
7/20 (35%) receiving MUFA experienced deterioration at 30 months
according to intention-to-treat (ITT) analysis. Overall, pooled
data showed no diIerence in global impression of deterioration
between participants treated with PUFA versus MUFA (RR 0.85, 95%
CI 0.71 to 1.03; 4 studies, 542 participants; low-certainty evidence;
Summary of findings 1; Analysis 1.2; Figure 5).

 

Figure 5.   Forest plot of comparison: 1 PUFA versus MUFA, outcome: 1.2 Global impression of deterioration.
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MRI activity

No trial reported this outcome.

Cognitive function

No trial reported this outcome.

Health-related quality of life

No trial reported this outcome in a form to allow for meta-
analysis. Weinstock-Guttman 2005 reported global SF-36 remained
unchanged in the PUFA group while it had a tendency to worsen in
the MUFA group.

Fatigue

No trial reported this outcome in a form to allow for meta-analysis.
Weinstock-Guttman 2005 reported no significant diIerence in MFIS
between the PUFA and MUFA groups at 12 months.

Serious adverse events

A single trial reported no serious adverse events among 20
participants receiving PUFA and 20 participants receiving MUFA
(Pantzaris 2013; low-certainty evidence; Summary of findings 1).

PUFA versus PUFA (omega-3 versus omega-6)

Relapse

Two trials reported the number of participants experiencing a
relapse during the study period (Torkildsen 2012; Zandi-Esfahan
2017). Torkildsen 2012 reported 57% of the 45 participants followed
in the omega-3 group and 58% of the 41 participants followed
in the omega-6 group remained free of relapses aPer two years
of treatment. As a result, 19/45 in the omega-3 group and 17/41
in the omega-6 group experienced a relapse by two years. Zandi-
Esfahan 2017 reported that one participant was removed from
each of the omega-3 and omega-6 groups for experiencing a
relapse during the study. As a result, 1/22 participants in the
omega-3 group and 1/21 in the omega-6 group experienced a
relapse by one year. Overall, based on these two trials, there
was no diIerence in relapse between participants treated with
omega-3 and omega-6 supplementation (RR 1.02, 95% CI 0.62 to
1.66; 2 studies, 129 participants; low-certainty evidence; Summary
of findings 2; Analysis 2.1; Figure 6).

 

Figure 6.   Forest plot of comparison: 2 PUFA (omega-3) versus PUFA (omega-6), outcome: 2.1 Relapse.
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Change in validated disability scale

Three trials reported change in EDSS (Zandi-Esfahan 2017), or
allowed for a calculation of EDSS change (Ramirez-Ramirez 2013;
Torkildsen 2012). Ramirez-Ramirez 2013 reported that mean EDSS
did not diIer between the omega-3 and omega-6 group aPer 12
months of treatment. Torkildsen 2012 reported that mean EDSS did
not diIer between the omega-3 and omega-6 group aPer 24 months

of treatment, while Zandi-Esfahan 2017 reported no diIerence in
EDSS mean change between the omega-3 and omega-6 groups
aPer 12 months. Overall, aPer pooling the three trials, there was
no diIerence in mean change of EDSS between participants who
received omega-3 versus omega-6 supplementation (MD 0.00, 95%
CI -0.30 to 0.30; 3 studies, 166 participants; low-certainty evidence;
Summary of findings 2; Analysis 2.2; Figure 7).

 

Figure 7.   Forest plot of comparison: 2 Polyunsaturated fatty acid (omega-3) versus polyunsaturated fatty acid
(omega-6), outcome: 2.2 Progression (change in EDSS).
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Global impression of deterioration

A single trial reported global impression of deterioration
(Torkildsen 2012), with deterioration occurring among 13/45
(28.9%) participants receiving omega-3 and 12/41 (29.3%) receiving
omega-6 aPer two years of treatment, demonstrating no diIerence
in deterioration between groups (RR 0.99, 95% CI 0.51 to 1.91; 1
study, 86 participants; moderate-certainty evidence; Summary of
findings 2; Analysis 2.3).

MRI activity

No trial reported this outcome in a form to allow for meta-analysis.
Torkildsen 2012 reported no diIerence in the number of new T1-
weighted gadolinium-enhancing lesions between the omega-3 and
omega-6 groups at 24 months (P = 0.17) (1 study, 86 participants;
moderate-certainty evidence; Summary of findings 2).

Cognitive function

No trial reported this outcome.

Health-related quality of life

No trial reported this outcome in a form to allow for meta-analysis.
Shinto 2016 reported no diIerence between groups in SF-36
quality of life, physical component summary (p = 0.10) and mental
component summary (p = 0.06) at 3 months. Torkildsen 2012
reported no diIerence in SF-36 quality of life, physical component
summary (p = 0.49) and mental component summary (p = 0.85) at
24 months.

Fatigue

No trials reported this outcome in a form to allow for meta-analysis.
Torkildsen 2012 reported no diIerence between groups in fatigue
measured using the FSS at 24 months (p = 0.57).

Serious adverse events

Four trials reported serious adverse events (Ramirez-Ramirez
2013; Shinto 2016; Torkildsen 2012; Zandi-Esfahan 2017). Ramirez-
Ramirez 2013 reported that two participants in the fish oil group

and one in the control group discontinued the intervention due
to adverse events. Shinto 2016 reported that one participant in
the fish oil group and two in the soybean oil group discontinued
the intervention due to adverse events. Torkildsen 2012 reported
four participants in the omega-3 group and 3 in the omega-6
group experienced a serious adverse event over two years, while
Zandi-Esfahan 2017 reported no adverse events aPer one year
of treatment. Overall, upon pooling the data, there was no
diIerence in serious adverse events between participants treated
with omega-3 and omega-6 (RR 1.12, 95% CI 0.38 to 3.31; 4 studies,
230 participants; low-certainty evidence; Summary of findings 2;
Analysis 2.4).

Antioxidant supplementation versus placebo

Ten trials involving antioxidants had a focus on inosine (Gonsette
2010; Markowitz 2009; Munoz Garcia 2015), lipoic acid (Khalili
2012; Khalili 2014; Yadav 2005), vitamin A (Bitarafan 2015),
cranberry (Gallien 2014), epigallocatechin-3-gallate (Mahler 2015),
and coenzyme Q10 (Sanoobar 2015).

Relapse

Four trials reported the number of participants experiencing a
relapse during the study period (Bitarafan 2015; Gallien 2014;
Munoz Garcia 2015; Sanoobar 2015). In particular, Bitarafan 2015
reported that 11/47 (23.4%) participants receiving retinyl palmitate
and 6/46 (13%) participants receiving placebo experienced a
relapse over one year of the intervention. Gallien 2014 reported
that 12/82 (14.6%) participants receiving cranberry extract and
19/89 (21.3%) participants in the placebo group experienced a
relapse over one year of treatment. Munoz Garcia 2015 reported
4/18 (22.2%) participants in the inosine group and 4/15 (26.7%)
participants in the placebo group experienced a relapse over nine
months of treatment, and Sanoobar 2015 reported 2/24 (8.3%)
participants receiving coenzyme Q10 and 1/24 (4.2%) participants
receiving placebo experienced a relapse over three months of the
intervention. Overall, there was no diIerence in relapse between
participants treated with a variety of antioxidants versus placebo
(RR 0.98, 95% CI 0.59 to 1.64; 4 studies, 345 participants; low-
certainty evidence; Summary of findings 3; Analysis 3.1; Figure 8).

 

Figure 8.   Forest plot of comparison: 3 Antioxidant versus placebo, outcome: 3.1 Relapse.
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Change in validated disability scale

Six trials reported EDSS at the end of the study period (Bitarafan
2015; Gallien 2014; Gonsette 2010; Khalili 2012; Khalili 2014;
Sanoobar 2015). Bitarafan 2015 reported there was no diIerence
in change in EDSS over one year between the treatment and
placebo groups. Gallien 2014 did not report EDSS values, although
correspondence with the author revealed no significant diIerence
in EDSS between the cranberry and placebo group at 12 months.
Gonsette 2010 reported no diIerence in mean EDSS between

participants receiving inosine and placebo aPer two years of
treatment. Khalili 2012 and Khalili 2014 reported no diIerence
in mean EDSS between participants receiving lipoic acid and
placebo at three months. Sanoobar 2015 reported no diIerence
in mean EDSS between participants receiving coenzyme Q10 and
placebo at three months. Overall, our pooled estimate found no
diIerence in mean change of disability, measured using EDSS
among participants treated with antioxidants versus placebo (MD
-0.19, 95% CI -0.49 to 0.11; 6 studies, 490 participants; very low-
certainty evidence; Summary of findings 3; Analysis 3.2; Figure 9).

 

Figure 9.   Forest plot of comparison: 3 Antioxidant versus placebo, outcome: 3.2 Progression (change in EDSS).
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Global impression of deterioration

Two trials reported global impression of deterioration (Gonsette
2010; Munoz Garcia 2015). Gonsette 2010 reported that
deterioration occurred among 14/79 (17.7%) participants receiving
inosine and 14/78 (17.9%) receiving placebo at two years. Munoz
Garcia 2015 reported that no participants experienced progression.
The meta-analysis of these trials demonstrated no diIerence in
global impression of deterioration between participants receiving
antioxidant versus placebo (RR 0.99, 95% CI 0.50 to 1.93; 2 studies,
190 participants; low-certainty evidence; Summary of findings 3;
Analysis 3.3).

MRI activity

Among the two trials that reported the number of individuals
experiencing gadolinium-enhancing lesions (Bitarafan 2015; Khalili

2012), Bitarafan 2015 reported 80% of participants receiving
retinyl palmitate and 87% of participants receiving placebo had
no gadolinium-enhancing lesions aPer one year of treatment.
Khalili 2012 reported 1/22 (4.5%) participants receiving lipoic
acid and 4/17 (23.5%) participants receiving placebo experienced
a gadolinium-enhancing lesion at three months, although there
were discrepancies between text and table and aPer contacting
study authors, we were unable to resolve the discrepancy. Overall,
there was no diIerence in gadolinium-enhancing lesions between
participants receiving antioxidant and placebo (RR 0.67, 95% CI 0.09
to 4.88; 2 studies, 131 participants; very low-certainty evidence;
Summary of findings 3; Analysis 3.4, Figure 10).

 

Figure 10.   Forest plot of comparison: 3 Antioxidant versus placebo, outcome: 3.4 Gadolinium-enhancing lesions.
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Cognitive function

Two trials reported change in cognition assessed using the
PASAT (Bitarafan 2015; Gonsette 2010). Bitarafan 2015 reported
a significant improvement in PASAT score between vitamin A
and placebo groups aPer one year. Gonsette 2010 reported no
significant change in PASAT score between inosine and placebo
groups aPer two years. Overall, there was no diIerence in change
in cognition measured using PASAT between participants receiving
antioxidant and placebo (MD 0.66, 95% CI -2.50 to 3.82; 2 studies,
250 participants; Analysis 3.5).

Health-related quality of life

No trial reported this outcome in a form to allow for meta-analysis.
Gallien 2014 measured quality of life using the Qualiveen scale
and reported no significant diIerence between the cranberry and
placebo groups at one year.

Fatigue

Three trials reported change in fatigue (Bitarafan 2015; Khalili
2012; Sanoobar 2015). Bitarafan 2015 measured fatigue using
the MFIS reporting a significant improvement in fatigue in the
vitamin A compared to placebo group at one year. Khalili 2012
measured fatigue using the FSS reporting no significant diIerence
between the lipoic acid and placebo groups at 3 months. Sanoobar
2015 measured fatigue using the FSS reporting a significant
improvement in fatigue in the coenzyme Q10 group compared to
placebo group at 3 months. Overall, there was no diIerence in
change in fatigue between participants receiving antioxidant and
placebo (SMD -0.38, 95% CI -0.96 to 0.19; 3 studies, 177 participants;
Analysis 3.6).

Serious adverse events

Three trials reported serious adverse events (Gallien 2014; Munoz
Garcia 2015; Yadav 2005). Gallien 2014 reported no serious adverse
events, although two participants in the cranberry group and one
in the placebo group discontinued the intervention due to an
adverse event. Munoz Garcia 2015 reported three participants who
withdrew due to adverse events over nine months of interferon
beta-1a plus inosine or interferon beta-1a plus placebo, including
one from the inosine group and two from the placebo group, while
Yadav 2005 reported one participant in the lipoic acid (1200 mg
twice daily) group who discontinued due to development of a
maculopapular rash associated with fever. Overall, aPer pooling the
reported serious adverse events, there was no diIerence in events
among participants treated with antioxidant versus placebo (RR
0.72, 95% CI 0.17 to 3.08; 3 studies, 222 participants; low-certainty
evidence; Summary of findings 3; Analysis 3.7).

Dietary programmes versus usual diet/placebo

Three trials examined dietary programmes (Irish 2017; Rezapour-
Firouzi 2013; Yadav 2016). These diIered substantially in diet
protocol and outcome measures, thus preventing meta-analysis.

Sensitivity Analysis

There were no diIerences in relapse between PUFA versus MUFA,
omega-3 versus omega-6, or antioxidant versus placebo in a
sensitivity analysis, assuming that all participants lost to follow-
up experienced the outcome of interest (Analysis 4.1, Analysis 4.2,
Analysis 4.3).

D I S C U S S I O N

The purpose of this review was to assess the eIicacy and safety
of a diversity of dietary interventions among people with multiple
sclerosis (MS). We excluded vitamin D which is the subject of a
dedicated Cochrane Review (Jagannath 2018).

Summary of main results

This review included 41 full-text articles reporting the results of 30
trials. Eleven trials examined polyunsaturated fatty acids (PUFAs),
10 trials examined a variety of antioxidant supplements, three
trials examined dietary programmes, and six trials examined other
dietary supplements.

PUFA supplementation

Trials examining PUFA demonstrated variation in PUFA type,
PUFA dose, and comparator intervention. We found seven trials
(874 participants) comparing PUFA (including linoleic acid, alpha-
linolenic acid, eicosapentaenoic acid, docosahexaenoic acid) to
monounsaturated fatty acid (MUFA) (oleic acid) (Bates 1977; Bates
1978; Bates 1989; Millar 1973; Pantzaris 2013; Paty 1978; Weinstock-
Guttman 2005), and four trials (231 participants) comparing
diIerent types of PUFAs: omega-3 fatty acids (eicosapentaenoic
acid, docosahexaenoic acid) versus omega-6 fatty acids (linoleic
acid) (Ramirez-Ramirez 2013; Shinto 2016; Torkildsen 2012; Zandi-
Esfahan 2017). There was little to no diIerence between PUFA
versus MUFA regarding number of participants experiencing a
relapse (risk ratio (RR) 1.02, 95% confidence interval (CI) 0.88 to
1.20; anticipated absolute eIect 75% in the PUFA group versus
74% in the MUFA group) although the evidence was very uncertain.
Also, there was little to no diIerence between PUFA versus MUFA
regarding global impression of deterioration (RR 0.85, 95% CI 0.71
to 1.03; 40% in the PUFA group versus 47% in the MUFA group).
A single study examining PUFA versus MUFA reported no adverse
events (Pantzaris 2013). There was little to no diIerence between
PUFA-type, omega-3 versus omega-6, on number of participants
experiencing a relapse (RR 1.02, 95% CI 0.62 to 1.66; 30% in the
omega-3 versus 29% in the omega-6 group) or mean change of
disability measured using EDSS (MD 0.00, 95% CI -0.30 to 0.30).
There was likely no diIerence in global impression of deterioration
or gadolinium-enhancing lesions by PUFA type. Also, there was little
to no diIerence in serious adverse events between participants
receiving omega-3 versus omega-6 (RR 1.12, 95% CI 0.38 to 3.31; 6%
in the omega-3 versus 5% in the omega-6 group).

Antioxidant supplementation

Studies examining antioxidant supplementation varied
considerably in agent, dose and comparator intervention.
Antioxidants were defined according to MeSH term "antioxidants
[pharmacologic action]". Ten randomized controlled trials (RCTs)
involved antioxidants (690 participants) with a focus on inosine
(Gonsette 2010; Markowitz 2009; Munoz Garcia 2015), lipoic acid
(Khalili 2012; Khalili 2014; Yadav 2005), vitamin A (Bitarafan 2015),
cranberry (Gallien 2014), epigallocatechin-3-gallate (Mahler 2015),
and coenzyme Q10 (Sanoobar 2015). Our pooled analysis of studies
examining antioxidant supplementation indicated there was little
to no diIerence in number of participants experiencing a relapse
(RR 0.98, 95% CI 0.59 to 1.64; 17% in the antioxidant versus 17%
in the placebo group) or global impression of deterioration (RR
0.99, 95% CI 0.50 to 1.93; 15% in the antioxidant versus 15% in
the placebo group). There was very uncertain evidence regarding
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mean change of disability measured by EDSS (mean diIerence (MD)
-0.19, 95% CI -0.49 to 0.11) or number of participants experiencing
gadolinium-enhancing lesions (RR 0.67, 95% CI 0.09 to 4.88; 11%
in the antioxidant versus 16% in the placebo group). Also, there
was little to no diIerence in serious adverse events between
participants receiving antioxidant supplementation versus placebo
(RR 0.72, 95% CI 0.17 to 3.08; 3% in the antioxidant versus 4% in the
placebo group).

Dietary programmes and other supplements

Studies of dietary programmes and other supplements varied
considerably, limiting our ability to perform meta-analysis.
We found three RCTs (195 participants) focusing on dietary
programmes, each examining a diIerent diet, namely Paleo (Irish
2017), Hot-nature (Rezapour-Firouzi 2013), and low-fat plant-based
(Yadav 2016) diets. Although the Paleo (Irish 2017) and low-fat
plant-based (Yadav 2016) diets demonstrated improvement in
fatigue outcomes, these trials were at high risk of bias. Six RCTs
focused on other supplements individually, including probiotics
(Kouchaki 2017), creatine (Malin 2008), riboflavin (Naghashpour
2013), palmitoylethanolamide (Orefice 2016), carnitine (Tomassini
2004), and biotin (Tourbah 2016). High-dose biotin was associated
with improvement in disability, measured using a composite of
EDSS and the 25-foot walk (Tourbah 2016).

Overall completeness and applicability of evidence

A number of small RCTs examine unique dietary interventions
in MS, but with very little similarity between studies to allow
meaningful meta-analysis. The greatest number of trials examining
a similar agent were for PUFA, although even within this group
of studies there was a high degree of variability in PUFA type,
PUFA dose, and comparator therapy. In addition to variability in the
interventions, there was variability in outcome measures between
studies, which further limited our ability to perform meta-analysis.

Certainty of the evidence

We identified risks of bias in all the studies included in this
systematic review. Among 11 studies examining PUFA, eight had
unknown risk of selection bias, four had unknown or high risk of
performance bias, seven had unknown or high risk of detection
bias, 11 had unknown or high risk of attrition bias, and nine
had unknown or high risk of reporting bias. Among 10 studies
examining antioxidant supplementation, six had unknown risk of
selection bias, four had unknown risk of performance bias, five had
unknown risk of detection bias, nine had unknown or high risk
of attrition bias, and eight had unknown or high risk of reporting
bias. Among three studies examining dietary programmes, three
studies had unknown or high risk of selection bias, three had
high risk of performance bias, two had unknown or high risk
of detection bias, three had high risk of attrition bias, and two
had unknown risk of reporting bias. Among six studies examining
other supplementation, five studies had unknown or high risk
of selection bias, two had unknown risk of performance bias,
four had unknown risk of detection bias, four had unknown or
high risk of attrition bias, and five had unknown or high risk of
reporting bias. We conducted a sensitivity analysis for missing
outcome data (attrition bias) and found no diIerence in number of
participants experiencing a relapse across interventions, assuming
all participants lost to follow-up experienced the outcome of
interest.

Sample sizes were small for all meta-analyses. We tried to minimize
heterogeneity among interventions by analysing diIerent groups
of interventions separately, although there remained a substantial

degree of heterogeneity (I2 ranged from 0% to 89%) between
studies.

Potential biases in the review process

Although there was heterogeneity among interventions and
outcomes, the individual study results are consistent with our
pooled results, demonstrating little to no diIerence for any
intervention for any outcome. It is possible that there are additional
dietary intervention studies with relevant clinical outcome data
that we did not obtain. We do not think that we failed to identify
a significant dietary intervention study with relapse or progression
as a primary outcome. Sensitivity analysis, performed to verify the
presence of bias due to losses to follow-up, did not reveal any eIect
on relapse between the intervention and control group.

Agreements and disagreements with other studies or
reviews

Recently, a systematic review including clinical trials and
observational studies examined the eIect of diet on risk of MS,
with the conclusion that low vitamin D and low vitamin B12 may
be associated with increased risk of MS (Bagur 2017). We are not
aware of any other comprehensive systematic review assessing
dietary interventions for MS outcomes, though there are a number
of descriptive reviews covering dietary therapy in MS (Claflin
2018; Esposito 2018; Namaka 2008; Payne 2001; Schwarz 2005;
Yadav 2010), with most demonstrating consistent results with our
findings. We did not include evidence for vitamin D in MS as this
is the subject of a separate Cochrane Review (Jagannath 2018).
This review is an updated Cochrane Review (Farinotti 2003; Farinotti
2007; Farinotti 2012). Overall, we reached similar conclusions to the
prior versions of this review, whereby there is insuIicient evidence
from studies of PUFA, antioxidant supplementation, dietary
programmes, and other natural health product supplementation
to determine whether these interventions have an eIect on MS-
related outcomes.

In terms of PUFA supplementation, we did not find a beneficial
eIect of PUFA supplementation on relapses or disability
progression. This is similar to the result reported in the prior
version of this review (Farinotti 2012). A systematic review
of observational and interventional studies examining fish oil
consumption provided a descriptive analysis of seven studies,
without performing a meta-analysis, concluding that omega-3
supplementation may have a benefit on relapse rate and quality of
life (AlAmmar 2019). Evidence-based guidelines from the American
Academy of Neurology conclude that a low-fat diet with fish oil
supplementation is probably ineIective in improving relapses,
disability progression, magnetic resonance imaging (MRI) activity,
or quality of life measures (Yadav 2014).

In terms of antioxidant supplementation, we did not find a
beneficial eIect of antioxidant supplementation on relapses,
disability progression, or gadolinium-enhancing lesions. Again, our
findings are similar to prior work indicating there is insuIicient
evidence to determine whether there is a beneficial eIect of
antioxidant supplementation on MS outcomes (Bowling 2003;
Yadav 2010; Esposito 2018).
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In terms of dietary programmes, we included three trials each
examining a diIerent dietary intervention, including modified
Paleo diet, Hot-nature diet, and low-fat plant-based diet. All trials
of a dietary programme had issues blinding participants, while two
of three trials had incomplete blinding of study personnel. Also, all
studies were at risk of attrition bias due to missing outcome data
(Irish 2017; Rezapour-Firouzi 2013; Yadav 2016). No randomized
trials addressed the Swank diet, a very low-fat diet, although
an observational study concluded that the Swank diet may be
associated with improved survival and mobility (Swank 2003a).
There is an ongoing RCT comparing the Wahls Paleo diet to the
Swank diet (NCT02914964), with the primary outcome of fatigue.

In terms of other supplements, there was limited evidence to
assess the benefit of any individual supplement. High-dose biotin
(MD1003) has shown promise in a small study for decreasing
disability progression (Tourbah 2016), and there is an ongoing
larger trial to investigate the eIects of high-dose biotin on
progressive MS (NCT02936037).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is insuIicient evidence from studies of PUFA, antioxidant
supplementation, dietary programmes, and other natural
health product supplementation to determine whether these
interventions have an eIect on MS-related outcomes.

In this review, PUFA was the most common intervention studied.
Among 11 studies examining PUFA, there was no significant
benefit of PUFA supplementation on relapses or disability
progression. There was little or no diIerence in serious adverse
events with PUFA. Among 10 studies examining antioxidant
supplementation with a variety of interventions, there was no
significant benefit of antioxidant supplementation on relapses,
disability progression, or gadolinium-enhancing lesions. There was
little or no change in serious adverse events among the included
antioxidants. Among three studies involving dietary programmes,
the intervention was very diIerent between studies and there were
substantial methodological issues. Among six studies involving

other supplements, all examined diIerent interventions. A single
study of biotin suggested a benefit of high-dose biotin (MD1003)
on disease progression at one year among progressive forms of
multiple sclerosis (MS).

Implications for research

Future research of dietary interventions in MS should implement
higher-quality research methodology to limit the potential for bias.
Outcomes in future trials should include relapses and disease
progression described using EDSS along with patient-reported
outcomes, such as fatigue, measured using a validated fatigue
scale.

In terms of future research, there is an ongoing randomised
controlled trial (RCT) comparing the Wahls Paleo diet to the Swank
diet (NCT02914964), with the primary outcome of fatigue. Fatigue is
an important patient-reported outcome with prior trials examining
the Paleo diet (Irish 2017) and low-fat plant-based diet (Yadav
2016) reporting improvement in fatigue. High-dose biotin (MD1003)
has shown promise in a small study for decreasing disability
progression (Tourbah 2016), and there is an ongoing larger trial
to investigate the eIects of high-dose biotin on progressive MS
(NCT02936037).
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 152 participants with 'chronic progressive MS' were studied for 2 years. Chronic progressive MS was not
defined. There were no exclusion criteria. No information available concerning disease-modifying ther-
apy. Authors stated groups did not differ with respect to age, sex, or duration of illness although data
were not shown. Participants were randomized to one of four groups of equal size (n = 38). 18 partici-
pants withdrew or died (4 participants from Group A, 7 from Group B, 3 from Group C, and 4 from Group
D).

Interventions Group A and C received active treatment (PUFA) with Group B and D served as controls (MUFA). Group
A received linolenic acid 0.36 g/day and linoleic acid 3.42 g /day in the form of 8 oral capsules each con-
taining 0.6 mL of oil. Group B received 8 capsules identical in appearance to those given to Group A
each containing 0.6 mL of oleic acid. Group C received linoleic acid 11.5 g/day in the form of a spread.
Group D received oleic acid 4 g/day in the form of a spread. The intervention was administered for 2
years.

Outcomes • Number of participants improved, stable or deteriorated at 2 years. Outcome assessors not reported

• EDSS was recorded but not reported

• Definition of change in clinical status unclear

• Relapse rate and severity of relapse (Millar 1967) at 2 years

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Bates 1977 
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Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. Capsules were reported to be identical in appearance and
spreads were reported to be similar but no further details were provided.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

High risk No details on the 18 participants who died/withdrew. Withdrawals/deaths
were imbalanced between groups.

Selective reporting (re-
porting bias)

High risk Definition of improved and deteriorated not provided

Other bias Low risk None identified

Bates 1977  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 116 participants with acute RRMS studied for 2 years. Inclusion and exclusion criteria were not explicit-
ly stated. Participants were randomly allocated into one of four groups of equal size (n = 29). No infor-
mation available concerning disease-modifying therapy. Mean age and disease duration did not differ
between groups. 12 participants dropped out early or died (0 participants from Group A, 3 from Group
B, 3 from Group C, 6 from Group D).

Interventions Groups A and C received active treatment (PUFA) with Groups B and D serving as controls (MUFA).
Group A received γ-linolenic acid 0.34 g/day and linoleic acid 2.92 g /day in the form of 8 oral capsules.
Group B received 8 capsules identical in appearance to those given to Group A containing 4.0 g/day of
oleic acid. Group C received linoleic acid 23 g/day in the form of a spread. Group D received oleic acid
16 g/day in the form of a spread. The intervention was administered for 2 years.

Outcomes • Number of participants deteriorated, measured according to EDSS at 2 years

• Relapses, including number of patients experiencing relapse, relapse rate (attack per patient-year),
duration, and severity of relapse (Millar 1967) at 2 years

• Serum fatty acid levels were measured

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Bates 1978 
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Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. Group A and Group B received similar capsules but no further
details were provided.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

High risk Limited details on the 12 participants who died/withdrew. Withdrawals were
imbalanced between groups. There were 2 deaths, both in Group B.

Selective reporting (re-
porting bias)

Unclear risk Prespecified outcomes unclear. Participants were evaluated with neurolog-
ic and functional assessment every 6 weeks, but data not reported regarding
progression

Other bias Unclear risk Group C had a higher female to male ratio compared with other groups.

Bates 1978  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 312 participants with RRMS (McDonald 1977) studied for 2 years across 3 centres (London, Belfast, New-
castle-upon-Tyne). Inclusion criteria included aged 16 to 45 years with at least two definite prior MS re-
lapses, with at least one relapse occurring in the two preceding years. Exclusion criteria included a di-
agnosis of chronic progressive MS or EDSS > 6. No information available concerning disease-modifying
therapy. Participants were stratified for sex and age. Randomization allocated 155 to the active treat-
ment group and 157 to the control group. There was no difference between groups in terms of partici-
pant sex, age, disease duration, EDSS, or number of prior relapses. 292 participants included in analy-
sis, with 20 participants not completing the study (9 withdrew and 1 died in the treatment group, 10
withdrew in the control group).

Interventions Both groups were given dietary advice to encourage low animal fat intake and high intake of omega-6
PUFAs. The treatment group (PUFA) received eicosapentaenoic acid 1.71 g/day and docosahexaenoic
acid 1.14 g/day in 20 capsules. The control group (MUFA) took 20 capsules identical to fish oil capsules
containing oleic acid. All capsules contained vitamin E 0.5 IU and 100 ppm of dodecylgallatein. The in-
tervention was administered for 2 years.

Outcomes • Number of participants improved/stable or deteriorated according to EDSS at 2 years

• Relapses, including relapse rate, duration, and severity of relapse (Millar 1967) over 2 years

• Serum fatty acid levels measured on all participants and adipose tissue fatty acid levels assessed in
a cohort of participants

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Bates 1989 
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Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described, apart from stratified by age and sex

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules given to both groups were said to be the same in ap-
pearance/flavour and dispensed in the same manner

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Limited details concerning 20 participants who died/withdrew, although bal-
anced between groups

Selective reporting (re-
porting bias)

High risk Outcomes outlined in methods reported. Definition of better and worse not
provided

Other bias High risk Trial did not have a strictly untreated control group as advice on diet including
avoiding animal fat and increasing polyunsaturated fatty acids was provided
to both groups.

Bates 1989  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 101 participants with RRMS (Polman 2011) studied for 1 year across 3 sites (Iran). Inclusion criteria were
age 20 to 45 years, EDSS ≤ 5, BMI 18.5 to 30, no relapse in the preceding 3 months, interferon beta-1a
weekly for ≥ 3 months before the trial. Exclusion criteria included lactating, history of addiction, alco-
hol intake, dysphagia, myocardial infarction, stroke, allergic reaction to vitamin A, autoimmune dis-
ease, or disorders of the liver/pancreatic/biliary system. Participants were stratified by gender and
then randomly assigned to treatment or placebo. 51 participants were randomized to the treatment
group and 50 participants to the placebo group. Baseline characteristics including age, gender, disease
duration, EDSS, and vitamin A dietary intake were balanced between groups. A total of 8 participants
(4 from each group) were withdrawn from the study due to changes in interferon use, multivitamin use
and/or major changes in diet.

Interventions The treatment group received retinyl palmitate 25,000 IU daily for the initial 6 months and then retinyl
palmitate 10,000 IU daily for the latter 6 months. No details were provided on the placebo.

Outcomes • Relapse rate

• EDSS

• MSFC

• MRI measures over 1 year. MRI brain was performed at baseline and 1 year with end points including
change in T2 lesion volume, T2 lesion number, and gadolinium-enhancing lesion number

Notes  

Risk of bias

Bitarafan 2015 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Block assignment based on gender with subsequent randomization. No fur-
ther details

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 8 of 101 participants withdrew including 4 participants from both groups. MRI
outcomes were reported for 46 of 47 in the treatment group.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported

Other bias Unclear risk Baseline data not provided for participants who withdrew

Bitarafan 2015  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 171 adult participants with MS (RRMS, SPMS, PPMS) were studied for 1 year across 8 sites. Inclusion cri-
teria included age 18 to 70 years, EDSS ≥ 3, clinically stable for at least 3 months, and have a urinary
disorder defined as ≥ 1 symptom(s) among urgency, dysuria, pollakiuria, or urinary incontinence. Par-
ticipants were excluded if they were pregnant, breastfeeding, at risk of uric acid lithiasis, indwelling
catheter, renal failure, peptic ulcers, UTI at time of randomization, anticoagulation, prophylactic an-
tibiotics, consumed cranberry in any form in the past 3 months, or were intolerant to cranberry and/
or excipients. There was no information provided concerning use of MS disease-modifying therapies.
82 participants were randomized to active treatment and 89 to placebo with randomization stratified
by centre and use of clean intermittent self-catheterization. 67 participants withdrew or were lost to
follow-up including 34 participants in the active treatment group and 33 participants in the placebo
group. Data for all participants were used in the analysis.

Interventions Treatment was a powder containing cranberry extract proanthocyanidins 18 mg twice per day for 1
year. The placebo group received a placebo powder twice per day. Compliance was assessed by count-
ing used and non-used sachets at each 3-month follow-up visit.

Outcomes Primary

• Time to first symptomatic UTI

Secondary

• Number of participants with UTI

• Number of UTIs experienced by each participant

• Quality of life, measured using the Qualiveen scale, EDSS

Gallien 2014 
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• Number of participants experiencing MS relapse

• Number of participants experiencing side effects at 1 year

• Serious adverse events were not defined

Notes Protocol deviation included 2 participants in the placebo group and 1 participant in the cranberry
group who were not clinically stable

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization. Participants were stratified according to
centre and use of clean intermittent self-catheterization.

Allocation concealment
(selection bias)

Low risk Central allocation. Sequentially numbered boxes, according to the randomiza-
tion list, delivered to the investigator by the pharmacist.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Intervention and placebo were said to be matching. All partic-
ipants, pharmacists, medical and nursing staI remained blinded throughout
the study period.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. All participants, pharmacists, medical and nursing staI re-
mained blinded throughout the study period.

Incomplete outcome data
(attrition bias)
All outcomes

High risk All participants included in intent-to-treat analysis. High number of partici-
pants withdrawn/lost to follow-up including 34 of 82 in the intervention group
and 33 of 89 in placebo group. Data and Safety Monitoring Board stopped the
study after a sequential analysis and 25 participants (14 cranberry group, 11
placebo group) did not complete 1 year follow-up. There were three protocol
deviations (2 participants placebo group, 1 participant cranberry group were
not regarded as clinically stable, but were included in analysis).

Selective reporting (re-
porting bias)

Unclear risk Prespecified outcomes reported. Groups were reported to be well balanced at
baseline although P values were not reported.

Other bias Low risk None identified

Gallien 2014  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 159 participants with RRMS (McDonald 2001) studied for 2 years. Inclusion criteria included age 18-55
years, disease duration ≤ 15 years, EDSS 1-4, relapse within past 2 years, and receiving interferon beta
for ≥ 6 months prior to entry into the trial. Exclusion criteria included progressive disease, previous use
of immunosuppressants, participation in a clinical trial with approved immunomodulators in the pre-
vious 6 months, exacerbation in the previous 3 months, corticosteroids in the previous 2 months, and
serum uric acid exceeding 7 mg/dL (416 ɥmol/L). Randomization allocated 79 participants to inosine
treatment and 80 participants to placebo with block assignment based on clinic site. Ratio of female
to male was higher in the control (0.85) compared with treatment group (0.74). Otherwise the groups
were comparable in age, disease duration, relapse rate in preceding 2 years, and mean EDSS. All par-
ticipant data were analysed in the treatment group while 2 participants were removed from analysis in
the control group due to violation of inclusion criteria. 39 participants lost to follow-up, including 17 in

Gonsette 2010 
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the treatment group (8 adverse events, 4 non-compliance, 1 pregnancy, 1 neurological event, 3 other)
and 22 in the control group (5 adverse events, 2 pregnancy, 2 protocol violation, 2 non-compliance, 1
neurological event, 10 other).

Interventions Active treatment was inosine 500 mg capsules. Over one week participants were titrated up to a dose
of two capsules three times per day (total daily dose of 3000 mg). Uric acid levels were measured at 1
month then every 3 months to keep serum uric acid levels < 9 mg/dL in women and < 10 mg/dL in men.
Placebo group received a matched placebo (details not provided). All participants were concurrent-
ly treated with interferon beta. The intervention was administered for 2 years. Compliance was moni-
tored by counting capsules at follow-up visits every 3 months.

Outcomes Primary

• Number of participants with neurological deterioration, defined as an increase of ≥ 1 EDSS point from
baseline at 2 years

Secondary

• Mean EDSS

• Time to confirmed disability progression (increase of ≥ 1 EDSS point persisting for 3 months)

• MSFC

• Number of relapses

• Number of treated relapses

• Telapse-free participants over 2 years

• Treatment related side effects were monitored for both groups although serious adverse events were
not defined

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization. Blocked by clinical site

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. Participants were reported to receive matching placebo, no fur-
ther details. Inosine dose was adjusted based on serum uric acid levels but it is
unclear if placebo participants underwent dose adjustment.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Evaluating neurologist was blinded from treatment designation
and serum uric acid level

Incomplete outcome data
(attrition bias)
All outcomes

High risk All participants included in intention-to-treat analysis. High number of partic-
ipants lost to follow-up including 17 of 79 in inosine group and 22 of 80 in the
control group. As well, 2 participants were excluded from analysis in the con-
trol group due to violation of exclusion criteria.

Selective reporting (re-
porting bias)

Unclear risk Outcomes outlined in methods reported. Although there was reported to be
no difference in number of participants relapse-free, there were no reported
data.

Other bias Unclear risk Power was calculated for 216 participants although only 159 participants in-
cluded. Secondary outcome of sustained improvement was added post-de-

Gonsette 2010  (Continued)
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sign. Baseline variables were reported to be well-matched between groups but
there were slightly more female participants in the control compared to active
treatment group although P values were not reported.

Gonsette 2010  (Continued)

 
 

Study characteristics

Methods Parallel-group, randomized trial

Participants 34 participants with RRMS (McDonald 2001) enrolled in the study for 3.5 months. Inclusion criteria in-
cluded age 18 to 45 years, stable RRMS (no medication changes within 3 months), ability to walk 25 feet
with or without assistive device, and not using another 'diet' recommended to treat MS. Exclusion cri-
teria included cancer, liver disease, kidney disease, diabetes, active heart disease, heart block, arrhyth-
mia, bleeding disorders, diuretic/anticoagulant/antiplatelet use, psychosis or other psychiatric disor-
ders likely to impact ability to comply with study procedures, or any change in prescription medica-
tion for mental health problems, such as depression or anxiety during the 3 months preceding enrol-
ment. All participants completed a baseline automated self-administered 24-hour dietary recall ap-
plication and 2-week food diary prior to being randomized. 17 participants were allocated to dietary
treatment and control groups, respectively. Groups were similar in sex, age, disease duration, and ed-
ucation. There was no information provided concerning participant use of disease-modifying therapy.
In the dietary treatment group, 1 participant was removed during the 2-week training period, 6 with-
drawals (including 2 with relapses), and 2 removed for nonadherence. In the control group, 2 partici-
pants were removed during the 2-week training period and 6 withdrawals (including 1 with relapse).

Interventions Active treatment was a modified Paleo diet described as nine cups of vegetables and fruits, meat pro-
tein, and complete avoidance of gluten, dairy, potatoes, and legumes for 3 months. Controls continued
usual diet. Subjects logged their intake on electronic food logs to monitor compliance.

Outcomes Primary

• Fatigue, quantified by the FSS measured at 3 months

Secondary

• Quality of life, measured using MSQoL-54, Veteran's Specific Activity Questionnaire, and the MSFC at
3 months

• Serum inflammatory markers and vitamins were tested

Notes Differences were noted in those who withdrew from those who completed the study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Randomized by flipping coin for the first 5 participants then added to each
group according to FSS score

Allocation concealment
(selection bias)

High risk Not concealed

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Not blinded

Irish 2017 
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Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Not blinded

Incomplete outcome data
(attrition bias)
All outcomes

High risk High number of participants withdrawn, including 8 of 16 in the intervention
group and 6 of 15 in the control group. Participants who withdrew from the
study were reported to have differed from subjects who completed the study.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported

Other bias High risk There were significant differences between the intervention and control group
at baseline. Participants may have been biased by socioeconomic status as
the diet intervention was believed to result in a potential 30% increase in food
costs.

Irish 2017  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial.

Participants 50 participants with RRMS (McDonald criteria, version unclear) were studied for 3 months at a single
site (Iran). Inclusion criteria included age 18 to 50 years and an EDSS < 5.5. Exclusion criteria were preg-
nancy, anti-oxidant use in the preceding 1 month, diabetes, other autoimmune disease, or relapse dur-
ing the study. There were 25 participants randomized to lipoic acid treatment or placebo, respectively.
Prior to study initiation there were 3 participants who withdrew from the lipoic acid group and 8 partic-
ipants who withdrew from the placebo group. Participants remaining in the groups were matched for
age, sex, disease duration, EDSS, and FSS. Information regarding participant use of MS disease-modify-
ing agents was not provided.

Interventions Active treatment was R/S alpha-lipoic acid 600 mg twice daily for 3 months. Placebo group received the
same number of capsules that were similar in shape, colour, and volume. Each subject was followed for
compliance by a phone follow-up by a physician (frequency not stated).

Outcomes • EDSS at 3 months

• FSS at 3 months

• MRI at 3 months

• Lipoic acid levels were measured in both groups before the first dose and 12 hours after the last dose.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Low risk Blinded technician labelled capsules through simple random allocation

Blinding of participants
and personnel (perfor-
mance bias)

Low risk 'Double-blind'. Lipoic acid and placebo capsules were similar in shape, colour,
and volume.

Khalili 2012 
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

High risk Unbalanced withdrawals with 3 of 25 participants from the active treatment
group and 8 of 25 participants from the placebo group occurring before study
initiation. No further details provided

Selective reporting (re-
porting bias)

High risk Outcomes outlined in methods reported. There was conflicting information
concerning the number of individuals with new gadolinium-enhancing lesions
at 3 months.

Other bias Low risk None identified

Khalili 2012  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 52 participants with RRMS (McDonald criteria, version unclear) were followed for 3 months at a sin-
gle centre (Iran). Inclusion criteria included age 18 to 50 years and EDSS ≤ 5.5. Exclusion criteria were
pre-existing use of antioxidants, MS attack during the previous month, current corticosteroid use, oth-
er autoimmune disease, diabetes, other chronic disease, pregnancy or lactation. 26 participants ran-
domized to the active treatment and placebo groups, respectively. Groups were matched for baseline
characteristics including age, disease duration, EDSS, weight, and disease-modifying therapy. 6 partici-
pants withdrew from the study including 2 participants in the active treatment group (2 relapse) and 4
participants in the placebo group (1 relapse, 3 lost to follow-up).

Interventions Active treatment was lipoic acid 1200 mg/day in 600 mg capsules for 3 months. Placebo group received
capsules of similar volume, shape, and colour. Compliance was assessed by monitoring the consump-
tion of capsules and weekly follow-up phone calls.

Outcomes Primary

• Serum cytokine profile measured at baseline and 3 months

• EDSS measured at baseline and 3 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described apart from blocked randomization.

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Lipoic acid and placebo capsules were similar in volume,
colour, and shape.

Khalili 2014 
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 2 of 26 participants withdrew from the lipoic acid group and 4 of 34 partici-
pants withdrew from the placebo group with reasons provided.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported

Other bias Unclear risk Baseline characteristics of withdrawn participants not provided. Change in
placebo group IL-6 level data not consistent

Khalili 2014  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 60 participants with RRMS (McDonald criteria, version unclear) were followed for 12 weeks at a single
centre (Iran). Inclusion criteria included age 18 to 55 years, EDSS ≤ 4.5, and no prior probiotic/symbiot-
ic supplementation. Exclusion criteria included pregnancy/lactation in previous 6 months, nephrolithi-
asis in previous 5 years, menopause with irregular menstruation and non-use of contraceptive method.
30 participants randomized to the intervention and placebo groups, respectively. Groups were similar
including in age, gender, MS duration, and EDSS. All participants received interferon beta-1a therapy. A
total of 6 participants were lost to follow-up, 3 from each group, although all data were analysed.

Interventions Active treatment was a probiotic capsule containing Lactobacillus acidophilus, Lactobacillus casei, Bifi-

dobacterium bifidum and Lactobacillus fermentum (each 2 x 109 CFU/g). Placebo contained starch only
but was placed in capsules similar in colour, shape, size, packaging, smell, and taste. The intervention
was administered for 12 weeks. Participants were instructed not to change their lifestyle with food and
exercise diaries before, during, and after the trial monitored. Compliance was monitored by counting
remaining capsules at each follow-up and a reminder message was sent to participant cell phones dai-
ly.

Outcomes Primary

• EDSS

• Serum inflammatory markers

Secondary

• Mental health, measured by Beck Depression Inventory, GHQ-28 and DASS

• Oxidative stress biomarkers

• Metabolic profiles

• Relapses were monitored throughout the study period. Measures were collected at baseline and 12
weeks.

Notes Authors do not differentiate which tests they consider primary outcomes of serum inflammatory mark-
ers from secondary outcomes of oxidative stress biomarkers and metabolic profiles.

Risk of bias

Bias Authors' judgement Support for judgement

Kouchaki 2017 
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Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization. Matched for EDSS, relapses, gender,
medication type, BMI, age

Allocation concealment
(selection bias)

Unclear risk Allocation process not described. Randomization was performed by staI at the
clinic

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Probiotic and placebo capsules were similar in colour, shape,
size, packaging, smell, and taste.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Intention-to-treat analysis. 3 of 30 participants in both groups lost to fol-
low-up. All participants analysed

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported. EDSS was not a prespecified outcome but
was reported in the methods to be a primary outcome.

Other bias Low risk None identified

Kouchaki 2017  (Continued)

 
 

Study characteristics

Methods Double-blind, cross-over, randomized trial

Participants 20 participants with RRMS (Polman 2005) enrolled in a 28-week trial at a single centre (Germany). In-
clusion criteria included age 20 to 60 years, stable on glatiramer acetate ≥ 6 months, EDSS < 4.5, and

BMI 18.5 kg/m2 to 30 kg/m2. Exclusion criteria were progressive MS, clinical relapse in the preceding
3 months or during the study, comorbid heart/liver/lung/kidney disease, caffeine intake > 300 mg/
day, green tea consumption, drug abuse, or alcohol abuse. 8 participants randomized to epigallocate-
chin-3-gallate and 12 participants randomized to placebo for the initial 12 weeks. Subsequently, there
was a 4-week washout period after which participants began the other treatment for 12 weeks. There
were 2 participants who dropped out or were excluded during the first phase in the active treatment
arm.

Interventions Active treatment was capsules containing epigallocatechin-3-gallate (EGCG) 300 mg twice daily. Place-
bo consisted of identical appearing capsules taken twice daily containing starch. Patients were ran-
domized to active treatment or placebo for 12 weeks then went through a 4-week washout phase fol-
lowed by treatment with the other therapy for 12 weeks. Compliance was monitored at monthly clinic
visits.

Outcomes Primary

• Postprandial increase in fat oxidation assessed by indirect calorimetry after 12 weeks

Secondary

• Improved efficiency of muscle work during moderate-intensity exercise, measured by indirect
calorimetry after 12 weeks

• EDSS and BMI were calculated at baseline and after the 12-week course of placebo and EGCG.

Mahler 2015 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Low risk External person not involved in the study generated the randomization list and
numbered capsule containers accordingly.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. All people involved in the study (patients, healthcare providers,
data collectors, and outcome assessors) were blinded. Epigallocatechin-3-gal-
late and placebo capsules appeared identical.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Outcome assessors were blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 2 participants excluded/dropped out among 8 participants during active treat-
ment in phase 1 with further details not provided.

Selective reporting (re-
porting bias)

High risk Prespecified outcomes reported although initial randomization group not
clear

Other bias Unclear risk Small sample size

Mahler 2015  (Continued)

 
 

Study characteristics

Methods Double-blind, cross-over, randomized trial

Participants 12 participants with MS were studied for 7 weeks at a single centre (Newark, USA). Inclusion criteria re-
quired participants to have MS (subtype not specified), EDSS ≤ 6, FSS ≤ 6.0. Exclusion criteria includ-
ed smoking or previous history of cardiovascular disease, diabetes, thyroid/hepatic/renal dysfunction.
Participants were also required not to consume exogenous creatine or other ergogenic aids at base-
line. All participants were given instructions to limit tea, coffee, soda, and alcohol. Initially 12 partici-
pants were recruited but one subject's data were lost in a power outage. Initial randomization allocat-
ed 6 participants to the creatine group and 5 participants to the control group. Baseline characteristics
of participants randomized to each group during phase 1 were not available

Interventions Active treatment was creatine monohydrate powder 20 g/day for 7 days followed by 5 g/day for 7 days.
Placebo was maltodextrin powder similar in colour and texture. In phase 1, participants received ac-
tive treatment or placebo for 2 weeks, followed by a 3-week washout period. In phase 2, participants
received the other intervention for 2 weeks. Compliance was monitored by a dietary supplement log

Outcomes • Dominant knee extension/flexion, tested for power (watts) and total work (joules) using an isokinetic
dynamometer

• Fatigue, assessed using the FSS

• Effort, assessed using the Rating of Perceived Exertion (scale from 6 to 20). Assessments were per-
formed pre- and post-treatment in phase one and phase two

Malin 2008 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Placebo and active treatment were said to be similar in appear-
ance, no further details provided

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk One participant's data were lost due to power outage.

Selective reporting (re-
porting bias)

High risk Outcomes outlined in methods reported although initial randomization group
not clear

Other bias Unclear risk Small sample size

Malin 2008  (Continued)

 
 

Study characteristics

Methods Double-blind, cross-over, randomized trial

Participants 16 participants with RRMS (McDonald criteria, version unclear) studied for 1 year from a single centre
(Philadelphia, USA). Inclusion criteria included EDSS ≤ 5, and serum uric acid levels < 5 mg/dL. Exclu-
sion criteria included treatment with interferons/glatiramer acetate/other immune-modifying medica-
tions in previous 3 months, or corticosteroids within 1 month of the initial baseline MRI. If relapse oc-
curred during the study corticosteroids were allowed. Participants were randomized to inosine treat-
ment for 12 months or placebo for 6 months followed by inosine for 6 months. EDSS was equal be-
tween groups at baseline. 12 patients completed the study with 4 withdrawn (3 renal lithiasis, 1 non-
compliance) although the initial randomization group was unclear.

Interventions Active treatment was inosine 500 mg capsules. Dose was adjusted for a target serum uric acid level
6mg/dL to 9 mg/dL. Initially the treatment group was given 1g/day to 2 g/day increasing by 0.5 g/day at
biweekly intervals. Dose adjustments were made by unblinded investigators at a separate site. Place-
bo was identical appearing capsules containing fructose 500 mg. Compliance was measured by serum
uric acid levels. In the active treatment group, inosine was administered for 12 months. In the placebo
group, placebo was administered for the first 6 months followed by inosine for 6 months.

Outcomes • Adverse events

• Relapses

• EDSS, calculated every 3 months

Markowitz 2009 
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• MRI outcomes, including gadolinium-enhancing lesions over 12 months

• MRI was done with gadolinium monthly

• Serum levels of cytokines, nitrotyrosine, and oxidative markers were measured

Notes Target levels of uric acid were only consistently maintained in 2 participants. In 3 participants, low uric
acid levels were due to poor compliance.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization using a stratification method at a separate site. No further de-
tails provided

Allocation concealment
(selection bias)

Low risk Capsules were provided in containers labelled with a random four-digit lot
number with sequence concealed from subjects and study team.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. Capsules were identical in appearance and participants were
requested to swallow capsules whole to minimize any difference in taste.
Participants, examining/treating neurologists, study co-ordinators, and MRI
analysis personnel were blinded to treatment. Inosine dose adjustments were
made by an unblinded investigator based on blood urate levels. Unclear if
placebo group underwent a similar process of dose adjustment

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Researchers involved with clinical assessments and MRI analy-
sis were blinded to participant allocation done by a separate study team.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 4 of 16 participants did not complete the study, including 3 removed for forma-
tion of kidney stones and 1 for not following study protocol. Timing of partici-
pant removal from the study was unclear. Unclear whether data from partici-
pants who did not complete the study was included in analysis

Selective reporting (re-
porting bias)

High risk Data presentation unclear. Visits with exacerbations and MRI active lesions
were presented without reporting study arm or number of participants in
group. Change in EDSS was presented in a graph without reporting number of
participants in each group.

Other bias High risk 4 of the initial 11 participants developed kidney stones which resulted in a
change in study protocol to adopt dietary guidelines. Dietary guidelines in-
cluded adequate fluid intake (6 to 8 glasses of water daily), low purine, low ox-
alate, calcium 1000mg to 1300 mg daily, limit alcohol. Small sample size

Markowitz 2009  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 87 participants with MS studied for 2 years at 2 clinical sites (London, Belfast). Inclusion criteria was a
diagnosis of MS (subtype not specified) and EDSS score ≤ 6. Exclusion criteria were active disease and
baseline consumption of sunflower seed oil. No information available concerning disease-modifying
therapy. 12 participants withdrew from the study (7 participants in the active treatment group and 5
participants in the control group). Included in the analysis were 75 participants randomized with 36 in
the treatment group and 39 in the control group

Millar 1973 

Dietary interventions for multiple sclerosis-related outcomes (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

53



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions Active treatment was sunflower seed oil emulsion containing linoleic acid given as 30 mL (8.6 g) twice
daily for a total of 17.2 g/day. The placebo group received a similar appearing and tasting emulsion
containing oleic acid given as 30 mL (3.8 g) twice daily for a total of 7.6 g/day. Each 30 mL serving of
placebo emulsion contained a small amount of linoleic acid (0.2 g). The intervention was administered
for 2 years

Outcomes • Number of participants improved, stable, or deteriorated, assessed by EDSS evaluated at 2 years

• Relapse number, duration, and severity (Millar 1967) were assessed at 2 years

• Platelet adhesiveness and serum fatty acid levels were measured

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Placebo and active treatment similar in appearance and taste

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 12 of 87 participants withdrawn, including 7 in the active treatment group and
5 in the placebo group. Remaining participants in the active treatment and
placebo groups were similar in age, sex, disease duration, and disease severi-
ty.

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in methods reported

Other bias Unclear risk Baseline characteristics of withdrawn participants not reported

Millar 1973  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 36 participants with RRMS (McDonald 2001) studied for 1 year at 5 hospitals (Spain). Inclusion criteria
were age 18 to 55 years, EDSS ≤ 5.5, and ≥ 2 relapses in previous 3 years. Exclusion criteria was previous
treatment with immunomodulators, refractory depression, pregnancy, breastfeeding, epilepsy, alco-
hol use, drug use, malignancy, renal/hepatic/cardiac disease, dementia, leukopenia, thrombopenia,
anaemia, or uric acid level over the upper limit of normal. Participants were to be withdrawn if there
was persistent hyperuricaemia (> 15 days of UA levels > 10 mg/dL), symptomatic hyperuricaemia, or in-
tolerance of oral tablets. 18 participants randomized to inosine treatment or placebo, respectively. At
baseline, there was no difference between groups in age, gender, disease duration, EDSS, relapses in
the past year, and uric acid levels. 3 individuals withdrew prior to starting the study, all from the place-

Munoz Garcia 2015 
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bo group. During the study, there were 5 discontinuations with 2 from the inosine group (1 withdrew,
1 hyperthyroidism/appendicitis) and 3 from the placebo group (1 unblinding, 1 arthralgias, 1 hyper-
transaminemia)

Interventions All participants started interferon beta-1a at a dose of 44 mcg subcutaneously three times/week at
study entry. Three months after initiation of interferon beta, participants were randomized to active
treatment or placebo. Active treatment was inosine 1.5 g twice per day given as oral tablets each con-
taining inosine 500 mg. Placebo was oral tablets given twice per day; no further details were provided.
Both groups were instructed to consume at least 2 L of water per day

Outcomes Primary

• Safety and tolerability with adverse event rate collected through an open questionnaire every 3
months for 12 months

Secondary

• Number of individuals experiencing a relapse

• Number progressing to SPMS

• MRI outcomes (new T1 lesions, new T2 lesions, gadolinium-enhancing lesions, brain atrophy) over 12
months. MRI brain with gadolinium was performed at baseline and at 12 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. 1 participant excluded for breaking of the blind. No further de-
tails provided

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. Neuroradiologist and neurologist reviewed images in a blind
manner.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 33 of 36 participants were included in data analysis with 3 withdrawing con-
sent before beginning treatment. 2 of 18 participants in the active treatment
group discontinued treatment. 3 of 18 participants in the placebo group did
not start treatment.

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in methods reported. Limited data reported for some
outcomes including disability progression and brain atrophy.

Other bias Low risk None identified

Munoz Garcia 2015  (Continued)
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Methods Double-blind, parallel-group, randomized trial

Participants 54 participants with RRMS or SPMS (McDonald 2001) were enrolled for 6 months at a single centre
(Iran). Inclusion criteria included age 18 to 50 years and EDSS ≤ 4. Exclusion criteria included a diagno-
sis of PPMS or benign MS, pregnancy, significant other health condition, other vitamins, simultaneous
participation in other clinical trials, or experiencing impairment of daily activities. Participants were al-
lowed to continue disease-modifying therapy although no further information was provided. 25 partic-
ipants randomized to active treatment and 29 participants randomized to the control group. 25 partic-
ipants lost to follow-up, including 14 from the intervention group and 11 from the control group. Base-
line characteristics including age, sex, and EDSS did not differ between groups among those who com-
pleted the study

Interventions Active treatment was riboflavin 10 mg/day delivered in a single capsule once per day for 6 months.
Placebo was a single lactose containing capsule once per day for 6 months

Outcomes Primary

• Erythrocyte glutathione reductase activity coefficient as a surrogate for riboflavin status along with
serum levels of homocysteine at 6 months

Secondary

• Change in disability, using EDSS at baseline and 6 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Low risk A designated study team member, not involved in other aspects of the study,
dispensed capsules, coded packaging, and delivered packages to participants
every month.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were similar in appearance and packaging. Partici-
pants and study staI were reported to have remained blinded throughout the
entire treatment period.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Study staI were reported to have remained blinded throughout
the entire treatment period.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 25 of 54 participants were lost to follow-up, including 14 in the active treat-
ment group and 11 in the placebo group. Data were not analysed for partici-
pants lost to follow-up.

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in methods reported

Other bias High risk Baseline data not provided for high number of participants that withdrew

Naghashpour 2013  (Continued)

 
 

Dietary interventions for multiple sclerosis-related outcomes (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

56



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 29 participants with RRMS (Polman 2011) were enrolled for 1 year at a single centre (Italy). Inclusion
criteria included age 18 to 55 years, disease duration < 1 year, EDSS 1.0 to 3.5, interferon beta-1a ≥ 6
months, and experiencing interferon beta-1a related adverse events. Exclusion criteria were current
relapse, steroid use 30 days before entering the trial, concomitant disease precluding interferon use,
pregnancy, breastfeeding, cognitive decline preventing informed consent, pathological conditions in-
terfering with MS evolution, NSAID allergy, or intolerance of interferon beta-1a. 15 participants ran-
domized to active treatment and 14 participants randomized to placebo. Baseline characteristics in-
cluding age and EDSS did not differ between groups. No withdrawals were reported.

Interventions All participants received interferon beta-1a 44 μg subcutaneously 3 times/week. Active treatment was
ultramicronized palmitoylethanolamide (um-PEA) 600 mg orally daily. Placebo was given orally as a
pill. No description of pills. Pill containers were said to be similar in appearance and weight. Interven-
tion was administered for 12 months.

Outcomes Primary

• Efficacy of um-PEA in reducing interferon beta-1a related adverse effects, including pain, measured
using a visual analogue scale and erythema width at the injection site

• Quality of life, measured using the MSQoL-54 questionnaire at 1, 6, and 12 months

Secondary

• EDSS

• PASAT, cytokine profile, and safety over 12 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Randomization 1:1 using kit numbers for enzyme-linked immunosorbent assay
kits

Allocation concealment
(selection bias)

Unclear risk Sequentially numbered pill containers similar in appearance

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. Active treatment and placebo were provided in containers of
similar appearance and weight. No further details provided

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No withdrawals were reported

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in methods reported

Other bias Unclear risk Small sample size

Orefice 2016 
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Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 80 participants with RRMS enrolled for a planned 30 months of treatment at a single centre (Cyprus).
There was an additional 12-month intervention-free observation period. Eligibility criteria included age
18 to 65 years, diagnosis of RRMS (McDonald criteria, version unclear), EDSS 0 to 5.5, MRI lesions consis-
tent with MS, and at least one documented clinical relapse. Exclusion criteria included relapse within
30 days before study enrolment, prior immunosuppressant or monoclonal antibody use, pregnancy or
breastfeeding, other severe disease-compromising organ function, progressive MS, recent drug or alco-
hol abuse, use of any additional food supplements, and history of severe allergic reaction. Participants
were randomly assigned to 4 groups with 20 participants assigned to each group. Baseline characteris-
tics did not differ between groups including sex, age, disease-modifying therapy treatment, disease du-
ration, and baseline EDSS. 39 participants withdrew or were lost to follow-up (10 group A, 10 group B,
11 group C, 8 group D) including 29 discontinuing for unpleasant taste/smell of the intervention

Interventions Each group received an oral liquid 19.5 mL daily for 30 months. Groups A/B/C were intervention groups
and Group D received placebo. Group A received EPA 1650 mg, DHA 4650 mg, gamma-linolenic acid
2000 mg, linoleic acid 3850 mg, total other omega-3 600 mg, total MUFA 1714 mg, total saturated fat-
ty acids 18:0 160 mg/16:0 650 mg, vitamin A 0.6 mg, vitamin E 22 mg, citrus aroma. Group B received
EPA 1650 mg, DHA 4650 mg, gamma-linolenic acid 2000 mg, linoleic acid 3850 mg, total other Ω-3 600
mg, total MUFA 1714 mg, total saturated fatty acids 18:0 160 mg/16:0 650 mg, vitamin A 0.6 mg, vita-
min E 22 mg, pure gamma-tocopherol 760 mg, citrus aroma. Group C received pure gamma-tocopherol
760 mg dispersed in pure virgin olive oil plus citrus aroma. Group D received pure virgin olive oil (16,930
mg) plus citrus aroma. If relapses occurred these were treated with intravenous methyl-prednisolone
1 g/day for 3 days followed by prednisone orally at a dose of 1 mg/kg of weight per day with 3-week ta-
per. Adherence was monitored by blood samples monitoring fatty acid composition of participant's red
blood cell membrane by gas chromatography

Outcomes Primary

• Annualized relapse rate at 2 years

Secondary

• Time to confirmed disability progression. Disability progression was defined as EDSS increase ≥ 1 con-
firmed at > 6 months

• Posthoc analysis included proportion of participants free from new or enlarging T2 lesions on MRI
brain in the group receiving the most effective intervention (as per primary and secondary end points)
versus placebo. MRI brain was done at the completion of treatment and compared to available
archival MRI scans done up to 3 months before the date of enrolment. Follow-up was encouraged for
an additional 12 months after completion of the trial to further monitor for relapses

• Safety outcomes including "significant" safety outcomes (not defined) were reported for 30 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization through lottery-type pool of numbered balls and coin toss
stratified by gender and blocked in groups of 4

Allocation concealment
(selection bias)

Low risk Central randomization. Intervention bottles were labelled with code numbers
by study team at central randomization site.

Pantzaris 2013 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. All interventions were identical in appearance, smell, and pack-
aging. Assignment was blinded through code numbers. Participants, physi-
cians, other investigators, pharmacist, and neuroradiologist were blinded to
treatment allocation.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Physicians, other investigators, pharmacist, and neuroradiolo-
gist were blinded to treatment allocation.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 39 of 80 participants did not complete the study with similar pattern of reason
for discontinuation across groups. All data were included in an intention-to-
treat analysis.

Selective reporting (re-
porting bias)

Unclear risk MRI outcomes reported for only 2 of 4 treatment groups

Other bias Low risk None identified

Pantzaris 2013  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 96 participants with MS enrolled for an intended 30-month study period at a single centre (London, On-
tario). Inclusion criteria were clinically definite MS (Schumacher 1965) and independently ambulato-
ry with or without a gait aid. Exclusion criteria were other serious concomitant disease and significant
MS-related dementia. No information available concerning disease-modifying therapy. During the tri-
al, 20 participants withdrew (unclear distribution between groups). At 30 months, 38 remained in the
active treatment group and 38 in the placebo group. Among participants that completed the trial, both
groups were reported to be very similar in age of MS onset, disease duration, average disability, and
linoleic acid dietary intake.

Interventions Active treatment was a 1 ounce emulsion of sunflower seed oil (66.2% linoleic acid) twice a day for a to-
tal daily dose of linoleic acid 17 g/day. Placebo group received a 1 ounce emulsion of olive oil (83.5%
oleic acid, 4% linoleic acid) twice a day. Dietary history was monitored using a diary during the study.
The intervention was administered for 30 months.

Outcomes • Relapse number and severity (Millar 1967) over 30 months

• Change in function, measured by EDSS or 53 timed functional tests over 30 months

• Serum linoleic acid and oleic acid levels were measured

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described apart from stratification based on gen-
der

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Paty 1978 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Incomplete outcome data
(attrition bias)
All outcomes

High risk 20 of 96 participants withdrew prior to study completion. Details not provided
concerning treatment allocation for participants that withdrew

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in methods reported

Other bias High risk Baseline data not provided for participants that withdrew, including random-
ization group

Paty 1978  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 50 adults with RRMS (Polman 2005) treated with interferon beta-1b 250 mcg subcutaneous every 2
days ≥ 1 year prior to study enrolment were studied for 1 year at a single centre (Mexico). Inclusion cri-
teria included age 18 to 55 years, ≥ 1 relapse in the year prior to study enrolment, and EDSS 0 to 5 at
baseline. Exclusion criteria included progressive MS, currently taking other supplements, severe de-
pression, acute liver/renal dysfunction, tobacco/alcohol/drug abuse, intolerance/allergy fish oil. 25
participants were randomized to omega-3 and placebo groups, respectively. There were no significant
differences in baseline characteristics including age, sex, MS duration, and baseline EDSS. 11 partici-
pants dropped out, including 5 from the omega-3 group and 6 from the placebo group

Interventions Omega-3 group received fish oil capsules containing EPA 0.8 g and DHA 1.6 g. Both fish oil and place-
bo capsules contained glycerin, water, tocopherol, sunflower oil, and titanium dioxide. Both groups re-
ceived 4 capsules per day for 12 months

Outcomes Clinical outcomes

• Change in EDSS at six and 12 months. EDSS progression was defined as ≥1 point increase (sustained
for ≥3 months) over 12 months

• Annualized relapse rate at 12 months

Laboratory outcomes

• Cytokine levels

• Oxidative stress markers

Safety outcomes at 12 months

• Severe adverse events, defined as any event causing death, requiring hospitalization, or prolonging
hospitalization

Notes  

Ramirez-Ramirez 2013 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization (blocks of 2 to 4)

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were identical in appearance, packaging, and la-
belling. Participants and physicians were blinded

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Independent physician evaluated EDSS and collected samples
at each clinic visit. All assays were performed blinded on coded samples.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 11 of 50 participants dropped out including 5 participants in the active treat-
ment group and 6 participants in the placebo group. Unclear whether data
from participants that did not complete the study was included in data analy-
sis

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in the methods reported. Unclear number of partici-
pants contributing data to analysis

Other bias Low risk None identified

Ramirez-Ramirez 2013  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 100 participants with RRMS, age 14 to 55 years, EDSS < 6.0 recruited through the MS Society of Tabriz
(Iran). Participants were allowed to continue interferon therapy. Exclusion criteria included progres-
sive forms of MS, pregnancy, corticosteroid treatment, another chronic disease. Participants were ran-
domly assigned to 34 Group A (hempseed/evening primrose oils plus Hot-nature diet), 33 Group B (olive
oil, placebo), and 33 Group C (hempseed/evening primrose oils). 35 participants did not complete the
study, including 11 Group A (7 intolerance, 4 non-compliant), 11 Group B (10 intolerance, 1 active dis-
ease), and 13 Group C (10 intolerance, 3 non-compliant). 65 participants completed the study with
disease-modifying therapy exclusively interferon treatment administered to Group A 22/23, Group B
22/22, and Group C 19/20. At baseline, there were no significant differences in age, gender, and disease
duration between groups

Interventions Group A received hemp seed oil and evening primrose oil (9:1) prepared in a syrup 6 g to 7 g three
times/day with advice on following a Hot-nature diet. Group B received olive oil 6 g to 7 g 3 times/day
as placebo. Group C received hemp seed oil and evening primrose oil 6 g to 7 g 3 times/day. Hot-nature
diet includes foods low in cholesterol/trans fats/saturated fats, consumption of olive/grape seed oils,
fruit/vegetables, nuts/seeds, fish, unrefined carbohydrates, dairy with honey/dates, and avoidance of
alcohol/smoking. All interventions were administered for 6 months. Participants were contacted by
phone once a month to assess compliance

Outcomes Clinical outcomes

Rezapour-Firouzi 2013 
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• Change in relapse rate at 6 months

• EDSS at 6 months

Laboratory outcomes

• Change in red blood cell PUFAs red blood cell surface-membrane enzymes, cytokines, and liver en-
zymes at 6 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Random block design

Allocation concealment
(selection bias)

Unclear risk Randomization performed by statistician not directly involved in trial

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding of participants was incomplete as those in group A were instructed to
follow a Hot-nature diet while participants in group B and C were instructed to
follow usual diet.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Assessments, data collection, and data analysis were performed by blinded re-
searchers.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 35 of 100 participants (11 group A, 11 group B, 13 group C) dropped out prior to
study completion. Data from participants who dropped out was not included
in data analysis.

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in the methods reported

Other bias High risk Baseline data not provided for high number of participants that withdrew. Er-
ror in reporting EDSS at 6 months for Group B and Group C with reversal of
mean and standard deviation values

Rezapour-Firouzi 2013  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 48 participants with RRMS (McDonald 2001) recruited from a single centre (Iran). Participants were al-
lowed to remain on disease-modifying therapy. Exclusion criteria included regular antioxidant sup-
plementation, diabetes/other chronic disease, concurrent corticosteroid treatment, relapse during
study period, RRMS < 1 year, current smoker. 24 participants randomized to coenzyme Q10 and place-
bo groups, respectively. 3 participants excluded due to a relapse during the study including 2 in the
coenzyme Q10 group and 1 in the placebo group

Interventions Coenzyme Q10 group received coenzyme Q10 capsules 100 mg five times/day (500 mg/day) for 12
weeks. Placebo group received identical-appearing starch capsules five times/day for 12 weeks

Outcomes Clinical outcomes

Sanoobar 2015 
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• Change in EDSS and FSS at 12 weeks

Laboratory outcomes

• Change in inflammatory and anti-inflammatory markers

Notes Able to determine participants excluded during study period due to relapse

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described apart from performed by a pharmacist

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were identical. Physicians and technicians examining
blood were blinded to treatment group.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Physicians and technicians examining blood were blinded to
treatment group.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 3 of 48 participants were withdrawn, including 2 participants in the active
treatment group and 1 participant in the placebo group due to a relapse. Data
for withdrawn participants were not included in data analysis

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in the methods reported

Other bias High risk Baseline data not provided for participants that withdrew (all due to relapse)

Sanoobar 2015  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 39 adults with any type of MS (Polman 2011) with major depressive disorder according to Diagnostic
and Statistical Manual of Mental Disorder-IV criteria, mild to moderate depression severity, stable dose
of antidepressant ≥ 3 months prior to study enrolment, if on MS disease-modifying therapy on stable
dose ≥ 6 months prior to study enrolment. Exclusion criteria included severe depression, MS exacer-
bation or corticosteroid therapy < 1 month prior to study enrolment, Mini-Mental Status Examination
(MMSE) ≤ 24, pregnancy, ventricular arrhythmia, other significant health issue, fish/cod liver oil supple-
mentation ≤ 30 days of study enrolment, > 6-ounce serving fish/seafood per week ≤ 30 days of study en-
rolment. 21 randomized to omega-3 group and 18 randomized to placebo group. There was no differ-
ence in age, sex, MS duration, baseline EDSS, or DMT use between groups with the only significant dif-
ference being a greater proportion of college educated individuals in the active treatment group. 8 par-
ticipants withdrew prior to study completion including 6 omega-3 group (2 lost to follow-up, 4 discon-
tinued intervention) and 2 placebo group (2 discontinued intervention)

Interventions Active treatment group received fish oil capsules containing both EPA and DHA resulting in EPA 1.95
g/day and DHA 1.35 g/day. Placebo group received soybean oil capsules with 1% fish oil to simulate

Shinto 2016 
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smell/taste of fish oil capsules. Both groups took 3 capsules in the morning and 3 capsules in the after-
noon with food for 3 months

Outcomes Primary

• ≥ 50% improvement on the Montgomery-Asberg Depression Rating Scale

Secondary

• Beck Depression Inventory

• Change in quality of life according to SF-36

• Red blood cell fatty acids

• Adverse events including serious adverse events (not defined) over 3 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization stratified by severity of depression (Beck
Depression Inventory)

Allocation concealment
(selection bias)

Low risk Pharmacy-controlled randomization

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were similar in taste and smell. Appearance of cap-
sules was not stated. Study was reported to be well-blinded with ≥ 75% of both
groups remaining blinded to treatment.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blinded'. Outcome assessors were blinded. Study was reported to be
well-blinded with ≥ 75% of both groups remaining blinded to treatment.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 8 of 39 participants did not complete the study, including 6 participants in the
active treatment group and 2 participants in the placebo group.

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported

Other bias Low risk None identified

Shinto 2016  (Continued)

 
 

Study characteristics

Methods Double-blind, cross-over, randomized trial

Participants 36 adults with RRMS or SPMS experiencing fatigue defined as FSS > 4 enrolled for 12 months at a sin-
gle centre (Italy). Inclusion criteria included age ≥ 18 years, EDSS 1 to 3.5 for RRMS and 4 to 7 for SPMS,
if receiving interferon therapy treatment for ≥ 1 year, no relapse or steroids < 8 weeks prior to study en-
rolment. Exclusion criteria included active treatment with antidepressants, anxiolytics, beta-blockers,
and anticonvulsants. 18 participants were randomized to initial treatment with acetyl L-carnitine or
amantadine, respectively. Baseline characteristics were similar between groups including in age, sex,

Tomassini 2004 
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disease duration, EDSS, and FSS. 6 withdrew from the study including 5 on amantadine and 1 on acetyl
L-carnitine as initial therapy

Interventions Acetyl L-carnitine 1 g twice daily or amantadine 100 mg twice daily for 3 months followed by a 3-
month washout period. Subsequent cross-over to other treatment for 3 months followed by a 3 month
washout period. Compliance was measured by patient diary and telephone follow-up between assess-
ments

Outcomes Primary

• Change in FSS, measured at baseline and every 3 months to a maximum of 1 year

Secondary

• Fatigue Impact Scale

• Beck Depression Inventory

• Social Experience Checklist

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. No further details provided

Incomplete outcome data
(attrition bias)
All outcomes

High risk 6 of 36 participants withdrew from the study, including 5 participants receiving
amantadine and 1 participant receiving acetyl L-carnitine as initial therapy. All
withdrawals occurred before 3-month assessment.

Selective reporting (re-
porting bias)

High risk Outcome data did not specify initial randomization group. Limited data re-
ported for secondary outcomes

Other bias Low risk None identified

Tomassini 2004  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 92 adults with RRMS (McDonald 2001) with EDSS ≤ 5 at 13 centres (Norway). Inclusion criteria required
at least 1 clinical relapse or 1 new T1-gadolinium enhancing or T2-weighted MRI lesion in 1 year prior
to study enrolment. Exclusion criteria included treatment with interferon beta-1a or glatiramer acetate

Torkildsen 2012 
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within past 6 months, supplementation with omega-3 fatty acids within past 3 months, any previous
other immunosuppressive treatment for MS, treatment with glucocorticoids within past 2 months, re-
lapse within 1 month of study enrolment. 46 randomized to omega-3 fatty acids or placebo, respective-
ly. Baseline characteristics including age, sex, MS duration, baseline EDSS, and prior disease-modifying
therapy were similar between groups. All participants included in data analysis apart from 1 participant
in the placebo group who was lost to follow-up before efficacy data collected

Interventions Omega-3 group received capsules containing both EPA 270 mg and DHA 170 mg along with alpha-to-
copherol 4 units. Placebo capsules contained corn oil. Both omega-3 and placebo groups were admin-
istered 5 capsules per day. After 6 months, all participants also received interferon beta-1a 44 mcg 3
times/week for a further 18 months

Outcomes Primary

• Number of new T1-weighted gadolinium-enhancing lesions over initial 6 months

Secondary

• MRI activity. MRI brain with gadolinium was performed monthly for 9 months and followed at 12 and
24 months. MRI activity included new T1-weighted gadolinium-enhancing lesions, active (new or en-
larging) T2-weighted lesions, or both during the first 6 months or 24 months

• Relapse rate. Relapses were recorded throughout the study period with participants informed to con-
tact study site by telephone if experiencing symptoms of a relapse. Relapse rate was reported at 6
months and 24 months

• Disability progression

• Fatigue

• Quality of life

• Safety

EDSS, MSFC, FSS, and SF-36 were performed at baseline then every 6 months for 24 months. Change in
EDSS, MSFC, FSS, and SF-36 were reported at 6 months and 24 months.

• Laboratory measures included change in fatty acids at 6 months and 24 months

• Adverse events, including serious adverse events, defined as any adverse event resulting in death, life-
threatening, requiring hospital admission, prolonging hospital admission, resulting in persistent and
substantial disability

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization in 1:1 ratio with block size of 6

Allocation concealment
(selection bias)

Low risk Central allocation performed by independent contractor. Packaging and dis-
tribution of capsules was performed by independent contractor.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were identical. Active treatment was not suspected to
have any clinical or laboratory effects that could result in unblinding.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Neurologist evaluating participant and neuroradiologists eval-
uating imaging were not aware of treatment allocation.

Torkildsen 2012  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 6 of 92 participants lost to follow-up including 1 participants in active treat-
ment group and 5 participants in placebo group. All participants included in
data analysis apart from 1 participant in the placebo group who was lost to fol-
low-up prior to collection of efficacy data. Power calculation performed esti-
mating 10% to 15% dropout rate

Selective reporting (re-
porting bias)

Low risk Prespecified outcomes reported

Other bias Low risk None identified

Torkildsen 2012  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 154 participants with PPMS or SPMS, according to McDonald or Lublin criteria enrolled for 12 months at
16 centres (France). Inclusion criteria included 18 to 75 years, spastic paraparesis, baseline EDSS 4.5 to
7, and progression in previous 2 years (increase ≥ 1 point if EDSS 4.5 to 5.5 or ≥ 0.5 point if EDSS 6 to 7).
There were no restrictions on concurrent medications provided immunomodulatory medications were
started ≥ 3 months prior to study entry and fampridine started ≥ 1 month prior to study entry. Exclusion
criteria included clinical or radiographic evidence of inflammatory disease activity within the past year,
significant comorbidity, pregnancy, or inpatient rehabilitation therapy < 3 months prior to study entry.
103 randomized to biotin and 51 randomized to placebo. Baseline characteristics were similar between
groups including age, sex, disease duration, EDSS, concomitant disease-modifying therapy, and con-
comitant fampridine. Over 1 year, there were 21 participants that discontinued intervention including
12 in the biotin group and 9 in the placebo group. All participants were included in the final analysis at
12 months

Interventions Biotin (MD1003) 100 mg PO 3 times/day or placebo for 12 months. Randomized 2:1 to biotin versus
placebo. Capsules for biotin and placebo were identical

Outcomes Primary

• Proportion of patients with improvement of MS-related disability at 9 months confirmed at 12 months.
Disability improvement was defined as a decrease of ≥ 1 point if EDSS 4.5 to 5.5 or ≥ 0.5 point if EDSS
6 to 7 or ≥ 20% decrease in timed 25-foot walk compared to baseline

Secondary

• Mean change in EDSS

• Mean clinical global impression of change by clinician and patient

• Mean change in 12-item multiple sclerosis walking scale, SF-36, MFIS, nine-hole peg test, and adverse
events over 12 months

• MRI measures were collected at baseline and 12 months in a subset of participants

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization in 2:1 ratio stratified by study centre

Tourbah 2016 
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Allocation concealment
(selection bias)

Low risk Central allocation performed by independent contractor

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules for biotin and placebo groups were identical. Partici-
pants and investigators were blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk 'Double-blind'. Neurologist was blind to treatment allocation.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk All participants enrolled in study were included in analysis (intention-to-treat).
12 of 103 participants discontinued intervention in the active treatment group
and 9 of 51 participants discontinued intervention in the placebo group.

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in the methods reported

Other bias Low risk None identified

Tourbah 2016  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 31 adults with RRMS were studied for 1 year at a single centre (Buffalo, USA). Inclusion criteria includ-
ed age 18 to 60 years, stable disease for 2 months prior to study enrolment, ≥ 1 relapse in the preced-
ing 3 years, and diet prior to study enrolment > 30% total calories from fat determined by a 7-day food
record. There were no restrictions on concurrent medications provided duration of immunomodulato-
ry medication was ≥ 2 months. 15 participants were randomized to fish oil and 16 participants to olive
oil. Baseline characteristics including age, sex, MS duration, baseline EDSS, and disease-modifying
therapy were similar between groups. 10 participants discontinued the intervention, including 3 partic-
ipants in the fish oil group (1 not tolerated, 1 noncompliant, 1 active disease) and 7 participants in the
olive oil group (2 noncompliant, 4 active disease, 1 pregnancy)

Interventions Fish oil group received 6 capsules per day containing eicosapentaenoic acid 1.98 g/day and docosa-
hexaenoic acid 1.32 g/day. In addition, the fish oil group was instructed to follow a very low-fat diet (≤
15% of the total daily calories from fat including fish oil supplement). Olive oil group received 6 cap-
sules per day containing a total of 1 g olive oil. In addition, the olive oil group was instructed to follow
a controlled low cholesterol diet (total fat ≤ 30% of total daily calories and saturated fats < 10%). Both
groups received daily vitamin E 400 IU, multivitamin, calcium ≥ 500 mg. Duration of treatment was 1
year

Outcomes Primary

• Health-related quality of life, measured using the physical component scale of the SF-36 recorded at
baseline, 1 month, 6 months, and 12 months

Secondary

• Relapses over 12 months

• EDSS over 12 months

• MFIS over 12 months

• Mental health inventory over 12 months

Weinstock-Guttman 2005 
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• Immunological markers over 12 months

• Serum fatty acid profile over 12 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomization process not described

Allocation concealment
(selection bias)

Unclear risk Allocation process not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk 'Double-blind'. Participants received same number of capsules per day. Dif-
ferent dietary instructions were provided to active treatment and placebo
groups.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Examining physician recording EDSS was blinded to intervention. Treating
physician recording relapses was not blinded to intervention.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 4 of 31 participants, including 2 participants from both the active treatment
and placebo groups were excluded from data analysis. Unpublished data, pro-
vided by authors, shows a high rate lost to follow-up for EDSS evaluation (33%
in the treatment group and 75% in control group).

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in the methods reported, although limited information
concerning participant numbers in each group

Other bias High risk Multiple interventions making it impossible to determine the effect of any spe-
cific intervention. Baseline data not provided for participants that withdrew

Weinstock-Guttman 2005  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 37 adults with MS (McDonald 2001) were studied for 2 weeks at a single centre (Oregon, USA). Inclusion
criteria were age 18 to 70 years and EDSS < 7.5. Exclusion criteria included relapse within 30 days of
screening, lipoic acid within 2 weeks of enrolment, pregnancy, or breastfeeding. Participants were able
to continue with interferon or glatiramer acetate. Participants were randomized to four treatment con-
ditions including 9 placebo, 10 lipoic acid 600 mg twice daily, 9 lipoic acid 1200 mg daily, 9 lipoic acid
1200 mg twice daily. 33 participants began the treatment to which they were randomized including 17
RRMS, 6 PPMS, 8 SPMS, 2 unclear MS type. Baseline characteristics among groups, for all participants
who started therapy, were similar in age, gender, MS type, disease duration, and EDSS. 30 participants
completed the study with 2 participants in the placebo group withdrawing for personal reasons and 1
participant in the lipoic acid 1200 mg twice daily group withdrawing for an adverse event

Interventions Lipoic acid versus placebo for 2 weeks. Participants were randomized to one of four groups includ-
ing placebo twice/day; lipoic acid 600 mg twice/day; lipoic acid 1200 mg in morning and placebo in
evening; lipoic acid 1200 mg twice/day. All capsules appeared identical and all participants took 3 cap-

Yadav 2005 
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sules twice/day before meals. Placebo contained 4.3 mg quercetin to provide similar colouring to lipoic
acid capsules

Outcomes The purpose of the study was to determine pharmacokinetics, tolerability, and effects on matrix metal-
loproteinase-9 and intercellular adhesion molecule-1.

Clinical outcomes (at baseline and 14 days)

• EDSS

• Timed 25-foot walk

• 9-hole peg test at baseline and 14 days

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Low risk Allocation performed by pharmacy

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were similar in appearance.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. Laboratory evaluations were performed blinded to treatment
status of participants. Blinding of clinical assessments including EDSS unclear

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 30 of 37 participants (7/9 placebo, 7/10 lipoic acid 600 mg twice/day, 9/9 lipoic
acid 1200 mg daily, 7/9 lipoic acid 1200 mg twice/day) completed the study.

Selective reporting (re-
porting bias)

High risk Clinical measures including EDSS, timed 25-foot walk, and 9-hole peg test re-
ported at baseline but not 14 days although methods state collected at both
time points

Other bias Low risk None identified

Yadav 2005  (Continued)

 
 

Study characteristics

Methods Single-blind, parallel-group, randomized trial

Participants 61 adults with RRMS (Polman 2011) were studied for 1 year at a single centre (Oregon, USA). Inclusion
criteria included age 18 to 70 years, duration MS < 15 years, EDSS ≤ 6.0, active disease (clinical relapse
or MRI activity) in previous 2 years. Participants were able to continue disease-modifying therapy pro-
vided treatment initiated ≥ 6 months before study enrolment and maintained throughout study. Base-
line diet > 30% total daily caloric intake from fat determined by the self-administered Food Frequen-
cy Questionnaire. Exclusion criteria included pregnancy, breastfeeding, relapse or corticosteroid ther-
apy ≤ 30 days of study enrolment. 32 randomized to diet group and 29 to control group. 8 participants
withdrew, including 6 from diet group and 2 from control group. Among the 26 participants included in

Yadav 2016 
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analysis of the diet intervention, 22 participants were diet adherent, defined as ≤ 20% calories from fat
at least 80% of the time. In the diet compared to control group, disease-modifying therapy was taken
as follows: 8/9 none, 12/10 glatiramer acetate, 11/10 interferon, and 1/0 natalizumab. Baseline charac-
teristics were similar although there were significant differences with higher fatigue, higher EDSS, and
greater portion with gadolinium-enhancing lesions in the diet group.

Interventions Very low-fat, plant-based diet compared to waiting list over 12 months. The very low-fat, plant-based
diet group received instruction on the diet and had monitoring with Food Frequency Questionnaire
monthly. Study diet was based on starchy plant foods (beans, bread, corn, pasta, rice, potatoes, fruit,
non-starchy vegetables), 10% calories from fat, 14% calories from protein, and 76% calories from car-
bohydrates. The diet did not allow consumption of meat, fish, eggs, dairy, or vegetable oils. The control
group received an exercise seminar. All participants were encouraged to perform ≥ 30 minutes moder-
ate intensity exercise at least 5 days/week.

Outcomes Primary

• Change in MRI activity between baseline and 12 months, measured as number of new T2 lesions, num-
ber of gadolinium-enhancing lesions, number of enlarging T2 lesions, change in T2 lesion volume, and
change in brain volume

Secondary (over 12 months)

• Relapses

• EDSS

• SF-36

• FSS

• MFIS

• Safety

• Blood lipid and insulin levels

Notes Previously listed as ongoing study NCT00852722

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomization stratified according to disease-modifying
therapy use

Allocation concealment
(selection bias)

High risk Treatment allocation was known to participants, treating neurologist, study
co-ordinators, and dietician.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Treatment allocation was known to participants, treating neurologist, study
co-ordinators, and dietician.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Radiologists reviewing imaging and neurologists performing EDSS were blind-
ed to treatment allocation.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 8 of 61 participants withdrew from the study including 6 participants from the
diet group and 2 participants from the control group.

Selective reporting (re-
porting bias)

Unclear risk Prespecified outcomes reported. Clinical measures mainly reported as rate of
change per month with P value

Yadav 2016  (Continued)
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Other bias Unclear risk Participants able to discuss study experiences with each other in-person and
online

Yadav 2016  (Continued)

 
 

Study characteristics

Methods Double-blind, parallel-group, randomized trial

Participants 50 adults with RRMS (Polman 2011), at a single centre (Iran). Inclusion criteria included age 18 to 45
years, EDSS ≤ 5, ≥ 1 relapse over past 1 year, and varicella immunity. Exclusion criteria included preg-
nancy, chronic infection, cardiovascular disease, use of steroids ≤ 1 month prior to study enrolment,
prior exposure chemotherapy, use of interferons ≤ 2 months prior to study enrolment, prior exposure
to fingolimod, relapse ≤ 30 days before entering study or any time during study, dietary supplements.
25 participants were randomized to fish oil or placebo group, respectively. At baseline, groups were
similar in sex, age, and seafood consumption. 41 participants were included in analysis, including 21 in
fish oil group and 20 in placebo group. In the fish oil group, 2 discontinued due to hypotension/brady-
cardia secondary to fingolimod, 1 experienced a relapse, 1 started another herbal supplement. In the
placebo group, 3 lost to follow-up, 1 experienced hypotension/bradycardia secondary to fingolimod, 1
experienced a relapse

Interventions Fish oil versus placebo over 12 months. Fish oil capsules contained EPA 180 mg, DHA 120 mg, excipient
(glycerin, water, tocopherol, sunflower oil, titanium dioxide). Placebo capsules contained excipient. All
participants received fingolimod 0.5 mg daily

Outcomes • Cytokine levels at baseline, 6 months, and 12 months

• EDSS evaluated at baseline and 12 months

Notes Reports participants excluded from analysis due to experiencing relapse during study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Block randomized although method of generating randomized sequence un-
clear

Allocation concealment
(selection bias)

Low risk Randomization performed by nurse not otherwise involved in study

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk 'Double-blind'. Capsules were identical in appearance, packaging, and la-
belling.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk 'Double-blind'. All assays were performed blind on coded samples. Blinding of
clinical assessments, including EDSS unclear

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 9 of 50 participants withdrew, including 4 participants in active treatment
group and 5 participants in placebo group.

Selective reporting (re-
porting bias)

Unclear risk All outcomes outlined in the methods reported

Zandi-Esfahan 2017 
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Other bias Unclear risk Unclear whether withdrawn participants included in description of baseline
characteristics

Zandi-Esfahan 2017  (Continued)

BMI: body mass index
DASS: Depression Anxiety and Stress Scale
DHA: docosahexaenoic acid
EDSS: Expanded Disability Status Scale
EPA: eicosapentaenoic acid
FSS: Fatigue Severity Scale
GHQ-28: General Health Questionnaire-28
MFIS: Modified Fatigue Impact Scale
MRI: magnetic resonance imaging
MSFC: Multiple Sclerosis Functional Composite
MSQoL-54: Multiple Sclerosis Quality of Life-54
MUFA: monounsaturated fatty acid
NSAID: non-steroidal anti-inflammatory drug
PASAT: paced auditory serial addition test
PPMS: primary progressive multiple sclerosis
PUFA: polyunsaturated fatty acid
RRMS: relapsing remitting multiple sclerosis
SF-36: 36-Item Short Form Health Survey
SPMS: secondary progressive multiple sclerosis
UTI: urinary tract infection
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bisaga 2011 RCT for cytoflavine treatment of relapse; both treatment and placebo arms received trental and vit-
amin B supplementation as co-intervention

Bisaga 2012 RCT for cytoflavine treatment of relapse; both treatment and placebo arms received trental and vit-
amin B supplementation as co-intervention

Bitarafan 2013 RCT for vitamin A treatment; both treatment and placebo arms received vitamin D and interferon
beta-1a as co-intervention. No clinical outcome

Bittner 2016 RCT for lipoic acid. Pharmacokinetic data

Cendrowski 1982 Review paper

Cignarella 2017 Animal experiment

Coe 2017 Cross-over study of single dose of flavonoid on fatigue

Dworkin 1981 Letter to the editor

Dworkin 1984 Reanalysis of three RCTs on PUFA supplementation in RRMS (Millar 1973; Bates 1978; Paty 1978).

Eghtesadi 2015 RCT for lipoic acid. No clinical outcome

Field 1979 Letter to the editor

Fitzgerald 2017 RCT for fasting diets. No clinical MS-related outcomes. Abstracts x 4
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Study Reason for exclusion

Gasperini 2011 RCT for cyanocobalamin plus calcium levofolinate. Only reported outcome brain atrophy. Previ-
ously listed as ongoing study AIFA 2005-006071-12

Harbige 2007 Review paper

Holmoy 2013 RCT for omega-3 fatty acids. No clinical outcome

Jafarirad 2012 RCT for vitamin A. No clinical outcome

Jafarirad 2013 RCT for vitamin A. No clinical outcome

Kouchaki 2018 RCT for omega-3 and vitamin D versus placebo. Unable to separate effect of omega-3 from vitamin
D

Lambert 2003 RCT for creatine. No clinical MS-related outcomes

Lieben 2017 RCT for single dose of tryptophan on cognition

Loder 2002 RCT for lofepramine and phenylalanine; both treatment and placebo arms received vitamin B12

Lopes De Carvalho 2012 RCT for D-mannose, cranberry and vitamin C. No clinical MS-related outcomes

Lovera 2015 Single arm study of polyphenon E

Mauriz 2013 RCT for low-fat diet and antioxidant supplementation. No clinical outcome

Mauriz 2014 RCT for lemon verbena supplementation. No clinical outcome

Mertin 1973 Letter to the editor

Meyer-Rienecker 1976 Uncontrolled pre-post study

Millar 1984 Abstract of Dworkin 1984 describing reanalysis of RCTs for PUFA supplementation

Moccia 2019 Retrospective analysis on prospectively collected data

Mohammadzadeh Honarvar
2013

RCT for vitamin A. No clinical outcome

Mohammadzadeh Honarvar
2016

RCT for vitamin A. No clinical outcome

Saboor-Yaraghi 2015 RCT for vitamin A. No clinical outcome

Salari 2015 RCT for zinc sulphate on depression outcomes

Saresella 2017 Non-randomized design with self-selection to high-vegetable, low-protein diet or Western diet

Schultz 1984 Uncontrolled pre-post study

Shinto 2008 RCT for naturopathic treatment

Simpson 1985 Uncontrolled pre-post study

Skakonik 1963 Non-randomized study with diabetol
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Study Reason for exclusion

Spitsin 2010 RCT for inosine on blood pressure outcomes

Swank 1990 Case series

Tamtaji 2017 RCT for probiotic. No clinical outcome

Toncev 2006 Non-randomized administration of inosine

Tran 2018 Study population healthy volunteers

van Rensburg 2006 Uncontrolled study of iron and folate-vitamin B12

Wade 2002 RCT for lofepramine and phenylalanine; both treatment and placebo arms received vitamin B12

PUFA: polyunsaturated fatty acid
RCT: randomized controlled trial
RRMS: relapsing remitting MS
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Design: RCT

Participants 60 participants with RRMS

Interventions Intervention group: ketogenic diet for 6 months

Intervention group: usual diet with initial 7-day fasting episode

Control group: usual diet

Outcomes Quality of life assessed using the MSQoL-54 over 6 months

Notes Need more information about co-interventions and study results

Bock 2015 

 
 

Methods Design: RCT

Participants 21 participants with MS

Interventions Intervention group: beta-alanine (4.8 g/day) for 4 weeks

Control group: placebo for 4 weeks

Outcomes EDSS, SF-36, and MFIS over 4 weeks

Notes Need more information about study results

Kanter 2014 
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Methods Design: RCT

Participants 31 participants with RRMS

Interventions Intervention group: alpha-lipoic acid capsules (1200 mg/day) for 12 weeks

Control group: placebo for 12 weeks

Outcomes Mean variation of ADMA and EDSS over 12 weeks

Notes Need more information about co-interventions

Khalili 2017 

 
 

Methods Design: RCT

Participants 21 participants with SPMS

Interventions Intervention group: racemic lipoic acid capsules (1200 mg/day) for 2 years

Control group: placebo for 2 years

Outcomes Timed Up and Go (TUG) over 2 years

Notes May not be randomized

Loy 2018 

 
 

Methods Design: RCT

Participants 30 participants with MS

Interventions Intervention group: Best Bet Diet (hypoallergenic diet, high in vitamin D) for 12 months

Control group: dietary advice given by the MS Society for 12 months

Outcomes Primary outcome of MRI white matter lesions and rate of brain atrophy

Secondary outcomes of clinical measures and symptom scores

Notes Need more information on study results

Shah 2007 

 
 

Methods Design: RCT

Participants 93 participants with MS with unilateral or bilateral optic neuropathy and evidence of worsening vi-
sual acuity during the last 3 years

Interventions Intervention group: biotin capsules (300 mg/day) for 6 months

Tourbah 2018 
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Control group: placebo for 6 months

Outcomes • Visual acuity

• VEPs

• Automated perimetry

• OCT, including RNFL thickness

• Quality of life, assessed using the MSQoL-54 at 6 months

Notes Need more information on study results

Tourbah 2018  (Continued)

ADMA: asymmetric dimethylarginine
EDSS: Expanded Disability Status Scale
IU: international units
MFIS: modified Fatigue Impact Scale
MRI: magnetic resonance imaging
MS: multiple sclerosis
MSQoL-54 - Multiple Sclerosis Quality of Life-54
OCT: optical coherence tomography
RCT: randomized controlled study
RNFL: retinal nerve fibre layer
RRMS: relapsing remitting multiple sclerosis
SF-36: 36-Item Short Form Health Survey
SPMS: secondary progressive multiple sclerosis
VEPs: visual evoked potentials
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Dietary supplement of curcumin in subjects with active relapsing multiple sclerosis treated with
subcutaneous interferon beta-1a

Methods RCT

Participants Age 18 to 60 years, RRMS diagnosed ≤ 3 years, EDSS ≤ 5.5, current treatment with interferon beta-1a
44 μg for ≥ 6 months and < 12 months prior to enrolment, inflammatory activity (≥ 1 gadolinium-en-
hancing lesion or 1 relapse) in 6 months before enrollment

Interventions Curcumin versus placebo for 24 months. Co-intervention interferon beta-1a

Outcomes Primary outcome

• Change in portion of subjects with active T2 lesions between baseline and 12 months

Secondary outcomes

• Relapses

• Disability, measured by EDSS

• Gadolinium-enhancing lesions

• Flu-like side effects

Starting date April 2012

Contact information Merck Serono

Notes  

NCT01514370 
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Study name Caprylic triglyceride for treatment of cognitive impairments in multiple sclerosis

Methods RCT

Participants Age 18 to 59 years, multiple sclerosis (RRMS, PPMS, SPMS), EDSS ≥ 2, memory complaint, MMSE ≥
24

Interventions Caprylic triglyceride versus placebo for 90 days

Outcomes Primary outcomes (related to cognition) including:

• symbol digit modalities test

Secondary outcomes include:

• disability, measured using: EDSS

• quality of life, measured using: MSQoL-54

• fatigue, measured using MFIS

Starting date February 2013

Contact information Leticia Tornes, University of Miami

Notes  

NCT01848327 

 
 

Study name Wahls Paleo diet and progressive multiple sclerosis

Methods RCT

Participants Age 30 to 65 years, multiple sclerosis (RRMS, PPMS, SPMS), EDSS ≥ 4.5, able to walk 25 feet in < 60
seconds, non-smoker, American diet, significant fatigue (FSS score ≥ 4 or MFIS score ≥ 38)

Interventions Wahls Paleo plus (ketogenic) diet or Wahls (modified Paleolithic) diet or control consisting of usual
care only for 12 weeks

Outcomes Primary outcome

• Fatigue, measured by FSS and FIS

Secondary outcomes

• Disability (EDSS, MSFC)

• Quality of life (MSQoL-54, MSQLI)

Starting date July 2013

Contact information Terry Wahls, University of Iowa

Notes  

NCT01915433 
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Study name Personalized nutrition advice for optimizing dietary calcium intake in MS patients

Methods RCT

Participants Multiple sclerosis, EDSS < 6.5

Interventions Dietary advice sheet +/- dietician for optimizing calcium consumption at 6 months

Outcomes Primary outcome

• Calcium consumption

Secondary outcomes

• Disability, measured using EDSS

• Fatigue, measured using FIS

Starting date July 2016

Contact information Eric Thouvenot, Centre Hospitalier Universitaire de Nîmes

Notes  

NCT02664623 

 
 

Study name Dietary approaches to treat multiple sclerosis-related fatigue study

Methods RCT

Participants Age 18 to 70 years, RRMS, able to walk 25 feet without support or with unilateral support, FSS ≥ 4

Interventions Swank diet versus Wahls elimination diet for 24 weeks. Swank diet is a low saturated fat diet. Wahls
diet is a modified Paleolithic diet excluding grains, dairy, eggs, legumes, nightshade vegetables.

Outcomes Primary outcome

• Change in fatigue, measured using FSS and MFIS

Secondary outcomes

• Change in 6-minute walk test, 25-foot walk test, MSQoL-54

Starting date August 2016

Contact information Terry Wahls and LInda Snetselaar, University of Iowa

Notes  

NCT02914964 

 
 

Study name Effect of MD1003 in progressive multiple sclerosis (SPI2)

Methods RCT

NCT02936037 
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Participants Age 18 to 65 years, progressive MS, EDSS 3.5 to 6.5, TW25 < 40 seconds, disability progression in
last 2 years (a) EDSS during the past two years of at least 1 point increase sustained for at least
6 months if inclusion EDSS is from 3.5 to 5.5 or at least 0.5 point increase sustained for at least 6
months if inclusion EDSS is from 6 to 6.5 or b) increase of TW25 by at least 20% in the last two years
sustained for at least 6 months or c) other well-documented objective worsening validated by the
Adjudication Commit), Kurtzke pyramidal functional subscore ≥ 2

Interventions MD1003 100 mg by mouth 3 times/day versus placebo for 15 to 27 months

Outcomes Primary outcome

• Proportion of participants improved on either EDSS or TW25 at 15 months

Secondary outcomes

• Time to 12-week confirmed EDSS progression

• Clinical global impression of change, evaluated both by the patient and by the evaluating physi-
cian at 15 months

• Mean change in TW25 between baseline and 15 months

Other outcomes include:

• brain MRI changes between baseline and 15 months

• remote monitoring of ambulation

• quality of life (MSQoL-54, CAREQOL-MS) at 15 months

• SDMT at 15 months

Starting date December 2016

Contact information Bruce Cree, University of California, San Francisco

Notes  

NCT02936037  (Continued)

 
 

Study name Pilot diet study for multiple sclerosis

Methods RCT

Participants Age 18 to 65 years, female, self-reported race white or black, CIS or RRMS or PPMS or SPMS

Interventions Diet intervention versus usual diet for 6 months. Diet intervention includes foods high in polyunsat-
urated fatty acids, polyphenols, antioxidants while excluding dairy, saturated fat, and refined sug-
ars.

Outcomes Primary outcomes

• Relate to biochemical measures

Secondary outcomes

• Change in MSQoL-54 and Neurological Fatigue Index-MS from baseline to 6 months

Starting date November 2016

Contact information Ilana Katz Sand, Corinne Goldsmith Dickinson Center for Multiple Sclerosis at Mount Sinai

NCT02986893 

Dietary interventions for multiple sclerosis-related outcomes (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

80



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes  

NCT02986893  (Continued)

 
 

Study name Low fat diet for fatigue in MS

Methods RCT

Participants Age 18 to 70 years, MS, EDSS ≤ 7.5, MFIS ≥ 38

Interventions Low-fat diet versus waiting list for 4 months

Outcomes Primary outcome

• Change in fatigue, measured by MFIS

Secondary outcomes

• Change in fatigue, measured by FSS

• Change in disability, measured by EDSS

Starting date November 2017

Contact information Vijayshree Yadav, Oregan Health and Science University

Notes  

NCT03322982 

 
 

Study name A pilot study in subjects with relapsing remitting multiple sclerosis (RR-MS)

Methods RCT

Participants RRMS, EDSS ≤ 3, interferon beta-1a 44 µg 3 times/week for ≥ 6 months and ≤ 10 years, among those
with relapse, enrolment < 5 days from relapse onset

Interventions D-aspartate versus placebo for 24 weeks. Co-intervention interferon beta-1a for all participants.
Co-intervention methylprednisolone 1000 mg intravenous daily for 5 days among those with re-
lapse

Outcomes Primary outcome

• Change in disability, measured by EDSS at 8 weeks

Secondary outcomes

• Change in disability, measured by EDSS/TW25

• Fatigue, measured by MFIS/FSS

Starting date March 2018

Contact information Merck KGaA

Notes  

NCT03387046 
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Study name Nutritional approaches in multiple sclerosis

Methods RCT

Participants Age 18 to 65 years, RRMS and EDSS < 4.5

Interventions Ketogenic versus intermittent therapeutical fasting versus vegetarian control diets for 18 months

Outcomes Primary outcome

• Change in T2 lesions from baseline to 18 months

Secondary outcomes

• Change in disability, measured using EDSS/MSFC

• Relapses

Starting date April 2017

Contact information Paul Friedemann, Charite University, Berlin, Germany

Notes  

NCT03508414 

CAREQOL-MS: caregiver quality of life in MS
CIS: clinically isolated syndrome
DMT: disease-modifying therapy
EDSS: Expanded Disability Status Scale
FIS: Fatigue Impact Scale
FSS - Fatigue Severity Scale
MFIS - Modified Fatigue Impact Scale
MMSE: Mini-Mental State Examination
MRI: magnetic resonance imaging
MS: multiple sclerosis
MSFC: Multiple Sclerosis Functional Composite
MSQLI: Multiple Sclerosis Quality of Life Inventory
MSQoL-54: Multiple Sclerosis Quality of Life-54
PPMS: primary progressive MS
RCT: randomized controlled trial
RRMS: relapsing remitting MS
SDMT: Symbol Digital Modalities Test
SPMS: secondary progressive MS
TW25: time to walk 25 feet
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Polyunsaturated fatty acid versus monounsaturated fatty acid

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Relapse 3 217 Risk Ratio (M-H, Random, 95% CI) 1.02 [0.88, 1.20]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2 Global impression of dete-
rioration

4 542 Risk Ratio (M-H, Random, 95% CI) 0.85 [0.71, 1.03]

 
 

Analysis 1.1.   Comparison 1: Polyunsaturated fatty acid versus monounsaturated fatty acid, Outcome 1: Relapse

Study or Subgroup

Bates 1978
Millar 1973
Weinstock-Guttman 2005

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.21, df = 2 (P = 0.33); I² = 9%
Test for overall effect: Z = 0.30 (P = 0.77)
Test for subgroup differences: Not applicable

PUFA
Events

51
25
3

79

Total

58
36
13

107

MUFA
Events

46
30
5

81

Total

57
39
14

110

Weight

69.9%
28.4%
1.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.09 [0.93 , 1.28]
0.90 [0.68 , 1.19]
0.65 [0.19 , 2.18]

1.02 [0.88 , 1.20]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours PUFA Favours MUFA

 
 

Analysis 1.2.   Comparison 1: Polyunsaturated fatty acid versus
monounsaturated fatty acid, Outcome 2: Global impression of deterioration

Study or Subgroup

Bates 1977
Bates 1989
Millar 1973
Pantzaris 2013

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.11, df = 3 (P = 0.77); I² = 0%
Test for overall effect: Z = 1.64 (P = 0.10)
Test for subgroup differences: Not applicable

PUFA
Events

24
67
13
6

110

Total

69
146
36
20

271

MUFA
Events

21
82
18
7

128

Total

65
147
39
20

271

Weight

15.5%
68.4%
11.7%
4.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.08 [0.67 , 1.74]
0.82 [0.66 , 1.03]
0.78 [0.45 , 1.36]
0.86 [0.35 , 2.10]

0.85 [0.71 , 1.03]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours PUFA Favours MUFA

 
 

Comparison 2.   Polyunsaturated fatty acid (omega-3) versus polyunsaturated fatty acid (omega-6)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Relapse 2 129 Risk Ratio (M-H, Random, 95% CI) 1.02 [0.62, 1.66]

2.2 Progression (change in
EDSS)

3 166 Mean Difference (IV, Random, 95%
CI)

-0.00 [-0.30, 0.30]

2.3 Global impression of de-
terioration

1 86 Risk Ratio (M-H, Random, 95% CI) 0.99 [0.51, 1.91]

2.4 Serious adverse event 4 230 Risk Ratio (M-H, Random, 95% CI) 1.12 [0.38, 3.31]
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Analysis 2.1.   Comparison 2: Polyunsaturated fatty acid (omega-3)
versus polyunsaturated fatty acid (omega-6), Outcome 1: Relapse

Study or Subgroup

Torkildsen 2012
Zandi-Esfahan 2017

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.96); I² = 0%
Test for overall effect: Z = 0.06 (P = 0.95)
Test for subgroup differences: Not applicable

Omega-3
Events

19
1

20

Total

45
22

67

Omega-6
Events

17
1

18

Total

41
21

62

Weight

96.7%
3.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.02 [0.62 , 1.68]
0.95 [0.06 , 14.30]

1.02 [0.62 , 1.66]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours omega-3 Favours omega-6

 
 

Analysis 2.2.   Comparison 2: Polyunsaturated fatty acid (omega-3) versus
polyunsaturated fatty acid (omega-6), Outcome 2: Progression (change in EDSS)

Study or Subgroup

Ramirez-Ramirez 2013
Torkildsen 2012
Zandi-Esfahan 2017

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.17, df = 2 (P = 0.92); I² = 0%
Test for overall effect: Z = 0.02 (P = 0.98)
Test for subgroup differences: Not applicable

Omega-3
Mean

0.1
0.28

-0.79

SD

0.99
1.08
1.04

Total

20
45
21

86

Omega-6
Mean

0.14
0.33

-0.88

SD

0.82
1.12
0.67

Total

19
41
20

80

Weight

27.5%
41.1%
31.4%

100.0%

Mean Difference
IV, Random, 95% CI

-0.04 [-0.61 , 0.53]
-0.05 [-0.52 , 0.42]
0.09 [-0.44 , 0.62]

-0.00 [-0.30 , 0.30]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours omega-3 Favours omega-6

 
 

Analysis 2.3.   Comparison 2: Polyunsaturated fatty acid (omega-3) versus
polyunsaturated fatty acid (omega-6), Outcome 3: Global impression of deterioration

Study or Subgroup

Torkildsen 2012

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.04 (P = 0.97)
Test for subgroup differences: Not applicable

Omega-3
Events

13

13

Total

45

45

Omega-6
Events

12

12

Total

41

41

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.99 [0.51 , 1.91]

0.99 [0.51 , 1.91]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours omega-3 Favours omega-6
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Analysis 2.4.   Comparison 2: Polyunsaturated fatty acid (omega-3) versus
polyunsaturated fatty acid (omega-6), Outcome 4: Serious adverse event

Study or Subgroup

Ramirez-Ramirez 2013
Shinto 2016
Torkildsen 2012
Zandi-Esfahan 2017

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.94, df = 2 (P = 0.62); I² = 0%
Test for overall effect: Z = 0.21 (P = 0.84)
Test for subgroup differences: Not applicable

Omega-3
Events

2
1
4
0

7

Total

25
21
46
25

117

Omega-6
Events

1
2
3
0

6

Total

25
18
45
25

113

Weight

21.5%
21.9%
56.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.00 [0.19 , 20.67]
0.43 [0.04 , 4.35]
1.30 [0.31 , 5.50]

Not estimable

1.12 [0.38 , 3.31]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours omega-3 Favours omega-6

 
 

Comparison 3.   Antioxidant versus placebo

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Relapse 4 345 Risk Ratio (M-H, Random, 95% CI) 0.98 [0.59, 1.64]

3.2 Progression (change in
EDSS)

6 490 Mean Difference (IV, Random, 95% CI) -0.19 [-0.49, 0.11]

3.3 Global impression of
deterioration

2 190 Risk Ratio (M-H, Random, 95% CI) 0.99 [0.50, 1.93]

3.4 Gadolinium-enhancing
lesions

2 131 Risk Ratio (M-H, Random, 95% CI) 0.67 [0.09, 4.88]

3.5 Cognition 2 250 Mean Difference (IV, Random, 95% CI) 0.66 [-2.50, 3.82]

3.6 Fatigue 3 177 Std. Mean Difference (IV, Random,
95% CI)

-0.38 [-0.96, 0.19]

3.7 Serious adverse event 3 222 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.17, 3.08]
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Analysis 3.1.   Comparison 3: Antioxidant versus placebo, Outcome 1: Relapse

Study or Subgroup

Bitarafan 2015
Gallien 2014
Munoz Garcia 2015
Sanoobar 2015

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.03; Chi² = 3.27, df = 3 (P = 0.35); I² = 8%
Test for overall effect: Z = 0.07 (P = 0.94)
Test for subgroup differences: Not applicable

Antioxidant
Events

11
12

4
2

29

Total

47
82
18
24

171

Placebo
Events

6
19

4
1

30

Total

46
89
15
24

174

Weight

28.6%
49.7%
17.0%

4.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.79 [0.72 , 4.45]
0.69 [0.36 , 1.32]
0.83 [0.25 , 2.78]

2.00 [0.19 , 20.61]

0.98 [0.59 , 1.64]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours antioxidant Favours placebo

 
 

Analysis 3.2.   Comparison 3: Antioxidant versus placebo, Outcome 2: Progression (change in EDSS)

Study or Subgroup

Bitarafan 2015
Gallien 2014
Gonsette 2010
Khalili 2012
Khalili 2014
Sanoobar 2015

Total (95% CI)
Heterogeneity: Tau² = 0.09; Chi² = 44.72, df = 5 (P < 0.00001); I² = 89%
Test for overall effect: Z = 1.26 (P = 0.21)
Test for subgroup differences: Not applicable

Antioxidant
Mean

0.07
0.19
-0.1
-0.5
-0.3

-0.09

SD

0.23
1.6

1.16
1.4
0.2
1.2

Total

47
51
79
22
24
22

245

Placebo
Mean

0.08
0.19
-0.1
0.2
0.2

0

SD

0.23
1.51
1.16

1.3
0.2
1.1

Total

46
59
78
17
22
23

245

Weight

24.7%
12.9%
18.5%

8.4%
24.4%
11.2%

100.0%

Mean Difference
IV, Random, 95% CI

-0.01 [-0.10 , 0.08]
0.00 [-0.58 , 0.58]
0.00 [-0.36 , 0.36]

-0.70 [-1.55 , 0.15]
-0.50 [-0.62 , -0.38]
-0.09 [-0.76 , 0.58]

-0.19 [-0.49 , 0.11]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours antioxidant Favours placebo

 
 

Analysis 3.3.   Comparison 3: Antioxidant versus placebo, Outcome 3: Global impression of deterioration

Study or Subgroup

Gonsette 2010
Munoz Garcia 2015

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.04 (P = 0.97)
Test for subgroup differences: Not applicable

Antioxidant
Events

14
0

14

Total

79
18

97

Placebo
Events

14
0

14

Total

78
15

93

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.99 [0.50 , 1.93]
Not estimable

0.99 [0.50 , 1.93]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours antioxidant Favours placebo
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Analysis 3.4.   Comparison 3: Antioxidant versus placebo, Outcome 4: Gadolinium-enhancing lesions

Study or Subgroup

Bitarafan 2015
Khalili 2012

Total (95% CI)
Total events:
Heterogeneity: Tau² = 1.46; Chi² = 3.12, df = 1 (P = 0.08); I² = 68%
Test for overall effect: Z = 0.40 (P = 0.69)
Test for subgroup differences: Not applicable

Antioxidant
Events

9
1

10

Total

46
22

68

Placebo
Events

6
4

10

Total

46
17

63

Weight

60.6%
39.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.50 [0.58 , 3.87]
0.19 [0.02 , 1.57]

0.67 [0.09 , 4.88]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours antioxidant Favours placebo

 
 

Analysis 3.5.   Comparison 3: Antioxidant versus placebo, Outcome 5: Cognition

Study or Subgroup

Bitarafan 2015
Gonsette 2010

Total (95% CI)
Heterogeneity: Tau² = 4.10; Chi² = 4.38, df = 1 (P = 0.04); I² = 77%
Test for overall effect: Z = 0.41 (P = 0.68)
Test for subgroup differences: Not applicable

Antioxidant
Mean

3.17
2.8

SD

4.22
9.11

Total

47
79

126

Placebo
Mean

1.11
4

SD

2
8.42

Total

46
78

124

Weight

57.0%
43.0%

100.0%

Mean Difference
IV, Random, 95% CI

2.06 [0.72 , 3.40]
-1.20 [-3.94 , 1.54]

0.66 [-2.50 , 3.82]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours antioxidant Favours placebo

 
 

Analysis 3.6.   Comparison 3: Antioxidant versus placebo, Outcome 6: Fatigue

Study or Subgroup

Bitarafan 2015
Khalili 2012
Sanoobar 2015

Total (95% CI)
Heterogeneity: Tau² = 0.18; Chi² = 6.56, df = 2 (P = 0.04); I² = 70%
Test for overall effect: Z = 1.30 (P = 0.19)
Test for subgroup differences: Not applicable

Antioxidant
Mean

-1.04
-1.2

-10.1

SD

57
15.2
11.4

Total

47
22
22

91

Placebo
Mean

1.68
0.8
3.5

SD

0.73
11

14.6

Total

46
17
23

86

Weight

38.9%
30.4%
30.7%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.07 [-0.47 , 0.34]
-0.14 [-0.78 , 0.49]

-1.02 [-1.64 , -0.39]

-0.38 [-0.96 , 0.19]

Std. Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours antioxidant Favours placebo

 
 

Analysis 3.7.   Comparison 3: Antioxidant versus placebo, Outcome 7: Serious adverse event

Study or Subgroup

Gallien 2014
Munoz Garcia 2015
Yadav 2005

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.10, df = 2 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Not applicable

Antioxidant
Events

1
1
1

3

Total

82
18

9

109

Placebo
Events

2
2
0

4

Total

89
15

9

113

Weight

37.4%
40.1%
22.4%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.54 [0.05 , 5.87]
0.42 [0.04 , 4.16]

3.00 [0.14 , 65.16]

0.72 [0.17 , 3.08]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours antioxidant Favours placebo
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Comparison 4.   Sensitivity analysis

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Polyunsaturated fatty acid versus mo-
nounsaturated fatty acid: relapse

3 234 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.89, 1.06]

4.2 Omega-3 versus omega-6: relapse 2 142 Risk Ratio (M-H, Random,
95% CI)

0.89 [0.59, 1.36]

4.3 Antioxidant versus placebo: relapse 4 353 Risk Ratio (M-H, Random,
95% CI)

0.98 [0.65, 1.50]

 
 

Analysis 4.1.   Comparison 4: Sensitivity analysis, Outcome 1:
Polyunsaturated fatty acid versus monounsaturated fatty acid: relapse

Study or Subgroup

Bates 1978
Millar 1973
Weinstock-Guttman 2005

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.74, df = 2 (P = 0.69); I² = 0%
Test for overall effect: Z = 0.63 (P = 0.53)
Test for subgroup differences: Not applicable

PUFA
Events

54
32
5

91

Total

58
43
15

116

MUFA
Events

55
35
7

97

Total

58
44
16

118

Weight

85.4%
13.7%
0.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.98 [0.90 , 1.08]
0.94 [0.74 , 1.18]
0.76 [0.31 , 1.89]

0.97 [0.89 , 1.06]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours PUFA Favours MUFA

 
 

Analysis 4.2.   Comparison 4: Sensitivity analysis, Outcome 2: Omega-3 versus omega-6: relapse

Study or Subgroup

Torkildsen 2012
Zandi-Esfahan 2017

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.04, df = 1 (P = 0.84); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)
Test for subgroup differences: Not applicable

Omega-3
Events

20
4

24

Total

46
25

71

Omega-6
Events

22
5

27

Total

46
25

71

Weight

87.7%
12.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.91 [0.58 , 1.42]
0.80 [0.24 , 2.64]

0.89 [0.59 , 1.36]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours omega-3 Favours omega-6
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Analysis 4.3.   Comparison 4: Sensitivity analysis, Outcome 3: Antioxidant versus placebo: relapse

Study or Subgroup

Bitarafan 2015
Gallien 2014
Munoz Garcia 2015
Sanoobar 2015

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.69, df = 3 (P = 0.44); I² = 0%
Test for overall effect: Z = 0.07 (P = 0.94)
Test for subgroup differences: Not applicable

Antioxidant
Events

15
14
4
2

35

Total

51
82
18
24

175

Control
Events

10
21
4
1

36

Total

50
89
15
24

178

Weight

36.3%
48.2%
12.2%
3.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.47 [0.73 , 2.96]
0.72 [0.39 , 1.33]
0.83 [0.25 , 2.78]

2.00 [0.19 , 20.61]

0.98 [0.65 , 1.50]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours antioxidant Favours control

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

 

1 MeSH descriptor: [Multiple Sclerosis] explode all trees

2 MeSH descriptor: [Myelitis, Transverse] explode all trees

3 MeSH descriptor: [Optic Neuritis] explode all trees

4 clinically isolated syndrome or disseminated sclerosis or multiple sclerosis or optic neuritis or
transverse myelitis

5 #1 or #2 or #3 or #4

6 MeSH descriptor: [Diet] explode all trees

7 Any MeSH descriptor with qualifier(s): [Diet therapy - DH]

8 MeSH descriptor: [Eating] explode all trees

9 MeSH descriptor: [Food and Beverages] explode all trees

10 MeSH descriptor: [Nutrition Therapy] explode all trees

11 beverage* or diet or diets or dietary or drink* or eat* or nutri*

12 anthocyan* or barley or bread or cereal* or corn or gingko-biloba or pectin* or rice or wheat

13 butter or cheese* or dairy or egg* or margarin*

14 nut or nuts or seed*

15 cumin or curry or spice* or turmeric

16 MeSH descriptor: [Cerebrosides] explode all trees

17 MeSH descriptor: [Fats] explode all trees
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18 MeSH descriptor: [Fatty Acids] explode all trees

19 MeSH descriptor: [Inosine] explode all trees

20 MeSH descriptor: [Oils] explode all trees

21 cerebroside*

22 fat or fats or fatten* or fatty acid* or oil*

23 alpha linolenic acid* or docosahexaenoic acid* or eicosapentaenoic acid* or linoleic acid OR
omega 3 or omega 6

24 inosine

25 MeSH descriptor: [Ascorbic Acid] explode all trees

26 MeSH descriptor: [Biotin] explode all trees

27 MeSH descriptor: [Folic Acid] explode all trees

28 MeSH descriptor: [Niacin] explode all trees

29 MeSH descriptor: [Riboflavin] explode all trees

30 MeSH descriptor: [Thiamine] explode all trees

31 MeSH descriptor: [Vitamin A] explode all trees

32 MeSH descriptor: [Vitamin B 12] explode all trees

33 MeSH descriptor: [Vitamin E] explode all trees

34 MeSH descriptor: [Vitamin K] explode all trees

35 MeSH descriptor: [Vitamin U] explode all trees

36 ascorbic acid or biotin or coenzyme q10 or folic acid or niacin* or riboflavin or thiamine

37 vitamin a or vitamin b or vitamin b1 or vitamin b2 or vitamin b3 or vitamin b7 or vitamin b9 or vita-
min b12 or vitamin c or vitamin e or vitamin k or vitamin u

38 MeSH descriptor: [Minerals] explode all trees

39 mineral* or selenium

40 #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21
or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or
#36 or #37 or #38 or #39

41 #5 and #40

  (Continued)

 

Appendix 2. MEDLINE search strategy
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1 "Multiple Sclerosis"[Mesh]

2 "Myelitis, Transverse"[Mesh]

3 "Optic Neuritis"[Mesh]

4 clinically isolated syndrome[tiab] OR disseminated sclerosis[tiab] OR multiple sclerosis[tiab] OR
optic neuritis[tiab] OR transverse myelitis[tiab]

5 #1 OR #2 OR #3 OR #4

6 "Diet"[Mesh]

7 "Diet Therapy"[sh]

8 "Eating"[Mesh]

9 "Food and Beverages"[Mesh]

10 "Nutrition Therapy"[Mesh]

11 beverage*[tiab] OR diet[tiab] OR diets[tiab] OR dietary[tiab] OR drink*[tiab] OR eat*[tiab] OR nu-
tri*[tiab]

12 anthocyan*[tiab] OR barley[tiab] OR bread[tiab] OR cereal*[tiab] OR corn[tiab] OR gingko-bilo-
ba[tiab] OR pectin*[tiab] OR rice[tiab] OR wheat[tiab]

13 butter[tiab] OR cheese*[tiab] OR dairy[tiab] OR egg*[tiab] OR margarin*[tiab]

14 nut[tiab] OR nuts[tiab] OR seed*[tiab]

15 cumin[tiab] OR curry[tiab] OR spice*[tiab] OR turmeric[tiab]

16 "Cerebrosides"[Mesh]

17 "Fats"[Mesh]

18 "Fatty Acids"[Mesh]

19 "Inosine"[Mesh]

20 "Oils"[Mesh]

21 cerebroside*[tiab]

22 fat[tiab] OR fats[tiab] OR fatten*[tiab] OR fatty acid*[tiab] OR oil*[tiab]

23 alpha linolenic acid*[tiab] OR docosahexaenoic acid*[tiab] OR eicosapentaenoic acid*[tiab] OR
linoleic acid[tiab] OR omega 3[tiab] OR omega 6[tiab]

24 inosine[tiab]

25 "Ascorbic Acid"[Mesh]

26 "Biotin"[Mesh]
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27 "Folic Acid"[Mesh]

28 "Niacin"[Mesh]

29 "Riboflavin"[Mesh]

30 "Thiamine"[Mesh]

31 "Vitamin A"[Mesh]

32 "Vitamin B 12"[Mesh]

33 "Vitamin E"[Mesh]

34 "Vitamin K"[Mesh]

35 "Vitamin U"[Mesh]

36 ascorbic acid[tiab] OR biotin[tiab] OR coenzyme q10[tiab] OR folic acid[tiab] OR niacin*[tiab] OR ri-
boflavin[tiab] OR thiamine[tiab]

37 vitamin a[tiab] OR vitamin b[tiab] OR vitamin b1[tiab] OR vitamin b2[tiab] OR vitamin b3[tiab] OR
vitamin b7[tiab] OR vitamin b9[tiab] OR vitamin b12[tiab] OR vitamin c[tiab] OR vitamin e[tiab] OR
vitamin k[tiab] OR vitamin u[tiab]

38 "Minerals"[Mesh]

39 mineral*[tiab] OR selenium[tiab]

40 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32
OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39

41 randomized controlled trial [pt]

42 controlled clinical trial [pt]

43 randomized [tiab]

44 placebo [tiab]

45 drug therapy [sh]

46 randomly [tiab]

47 trial [tiab]

48 groups [tiab]

49 #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48

50 animals [mh] NOT humans [mh]

51 #49 NOT #50

52 #5 AND #40 AND #51

  (Continued)
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Appendix 3. Embase search strategy

 

1 'multiple sclerosis'/exp

2 'optic neuritis'/exp

3 'clinically isolated syndrome':ti,ab OR 'disseminated sclerosis':ti,ab OR 'multiple sclerosis':ti,ab OR
'optic neuritis':ti,ab OR 'transverse myelitis':ti,ab

4 #1 OR #2 OR #3

5 'diet'/exp

6 'diet therapy'/exp

7 'eating'/exp

8 'food'/exp

9 beverage*:ti,ab OR diet:ti,ab OR diets:ti,ab OR dietary:ti,ab OR drink*:ti,ab OR eat*:ti,ab OR nu-
tri*:ti,ab

10 anthocyan*:ti,ab OR barley:ti,ab OR bread:ti,ab OR cereal*:ti,ab OR corn:ti,ab OR 'gingko-bilo-
ba':ti,ab OR pectin*:ti,ab OR rice:ti,ab OR wheat:ti,ab

11 butter:ti,ab OR cheese*:ti,ab OR dairy:ti,ab OR egg*:ti,ab OR margarin*:ti,ab

12 nut:ti,ab OR nuts:ti,ab OR seed*:ti,ab

13 cumin:ti,ab OR curry:ti,ab OR spice*:ti,ab OR turmeric:ti,ab

14 'cerebroside'/exp

15 'fat'/exp

16 'fatty acid'/exp

17 'inosine'/exp

18 'oil'/exp

19 cerebroside*:ti,ab

20 fat:ti,ab OR fats:ti,ab OR fatten*:ti,ab OR 'fatty acid*':ti,ab OR oil*:ti,ab

21 'alpha linolenic acid*':ti,ab OR 'docosahexaenoic acid*':ti,ab OR 'eicosapentaenoic acid*':ti,ab OR
'linoleic acid*':ti,ab OR 'omega 3':ti,ab OR 'omega 6':ti,ab

22 inosine:ti,ab

23 'alpha tocopherol'/exp

24 'ascorbic acid'/exp

25 'biotin'/exp
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26 'cyanocobalamin'/exp

27 'folic acid'/exp

28 'nicotinic acid'/exp

29 'retinol'/exp

30 'riboflavin'/exp

31 's methylmethionine'/exp

32 'thiamine'/exp

33 'vitamin K group'/exp

34 'ascorbic acid':ti,ab OR biotin:ti,ab OR 'coenzyme q10':ti,ab OR 'folic acid':ti,ab OR niacin*:ti,ab OR
riboflavin:ti,ab OR thiamine:ti,ab

35 'vitamin a':ti,ab OR 'vitamin b':ti,ab OR 'vitamin b1':ti,ab OR 'vitamin b2':ti,ab OR 'vitamin b3':ti,ab
OR 'vitamin b7':ti,ab OR 'vitamin b9':ti,ab OR 'vitamin b12':ti,ab OR 'vitamin c':ti,ab OR 'vitamin
e':ti,ab OR 'vitamin k':ti,ab OR 'vitamin u':ti,ab

36 'mineral'/exp

37 'selenium'/exp

38 mineral*:ti,ab OR selenium:ti,ab

39 #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR
#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR
#32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38

40 'crossover procedure'/exp

41 'double blind procedure'/exp

42 'single blind procedure'/exp

43 'randomized controlled trial'/exp

44 crossover*:ti,ab

45 'cross over*':ti,ab

46 placebo*:ti,ab

47 (doubl* NEAR/1 blind*):ti,ab

48 allocat*:ti,ab

49 random*:ti,ab

50 trial*:ti

51 #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50

  (Continued)
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52 'animal'/exp NOT human*

53 #51 NOT #52

54 #4 AND #39 AND #53

  (Continued)

 

Appendix 4. Web of Science search strategy

 

1 TS=("clinically isolated syndrome" or "disseminated sclerosis" or "multiple sclerosis" or "optic
neuritis" or "transverse myelitis")

2 TS=(beverage* or diet or diets or dietary or drink* or eat* or nutri*)

3 TS=(anthocyan* or barley or bread or cereal* or corn or "gingko-biloba" or pectin* or rice or wheat)

4 TS=(butter or cheese* or dairy or egg* or margarin*)

5 TS=(nut or nuts or seed*)

6 TS=(cumin or curry or spice* or turmeric)

7 TS=cerebroside*

8 TS=(fat or fats or fatten* or "fatty acid*" or oil*)

9 TS=("alpha linolenic acid*" or "docosahexaenoic acid*" or "eicosapentaenoic acid*" or "linoleic
acid" OR "omega 3" or "omega 6")

10 TS=inosine

11 TS=("ascorbic acid" or biotin or "coenzyme q10" or "folic acid" or niacin* or riboflavin or thiamine)

12 TS=("vitamin a" or "vitamin b" or "vitamin b1" or "vitamin b2" or "vitamin b3" or "vitamin b7" or
"vitamin b9" or "vitamin b12" or "vitamin c" or "vitamin e" or "vitamin k" or "vitamin u")

13 TS=(mineral* or selenium)

14 #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2

15 TS= clinical trial*

16 TS=research design

17 TS=comparative stud*

18 TS=evaluation stud*

19 TS=controlled trial*

20 TS=follow-up stud*

21 TS=prospective stud*
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22 TS=random*

23 TS=placebo*

24 TS=(single blind*)

25 TS=(double blind*)

26 #25 OR #24 OR #23 OR #22 OR #21 OR #20 OR #19 OR #18 OR #17 OR #16 OR #15

27 TS=animal* NOT TS=human*

28 #26 NOT #27

29 #28 AND #14 AND #1

  (Continued)

 

Appendix 5. ClinicalTrials.gov, ICTRP search strategy

1 Multiple sclerosis

2 Diet

3 Clinical trial

W H A T ' S   N E W

 

Date Event Description

18 November 2019 New citation required but conclusions
have not changed

We added 24 new trials and 1541 new participants. The review
now includes 30 trials and 2335 participants. To this version
of the review, we added new analyses and discussion. We as-
sessed the quality of evidence from the included studies using
the GRADE approach, and we added 'Summary of findings' ta-
bles.

30 May 2019 New search has been performed We amended the search criteria. We re-ran the search for rele-
vant RCTs and identified new trials.

 

H I S T O R Y

Protocol first published: Issue 2, 2003
Review first published: Issue 1, 2007

 

Date Event Description

30 November 2011 New citation required but conclusions
have not changed

We did not identify any new trials.

We added a description to risk of bias and have added 'Risk of
bias' tables.

17 November 2011 New search has been performed We re-ran the search.
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Date Event Description

31 October 2011 Amended The authors decided to exclude the vitamin D intervention from
this review update as vitamin D is the subject of another recent
Cochrane Review.

The review team has changed.

18 June 2008 Amended Converted to new review format

 

C O N T R I B U T I O N S   O F   A U T H O R S

 

Task Author

DraP the protocol Farinotti 2007 with modifications by

Natalie E Parks (NEP), Bradley C Johnston (BCJ)

Develop criteria for a search strategy NEP, BCJ

Search identified titles and abstracts for trials NEP, Laura Vacchi (LV), Roah Merdad (RM)

Obtain copies of trials NEP, Caitlin S Jackson-Tarlton (CSJT)

Select which trials to include NEP, CSJT, LV, RM

Extract data from trials NEP, CSJT, LV

Enter data into Review Manager software NEP, CSJT

Carry out the analysis NEP, CSJT, BCJ

Interpret the analysis NEP, CSJT, LV, RM, BCJ

DraP the final review NEP, CSJT, LV, RM, BCJ

 

D E C L A R A T I O N S   O F   I N T E R E S T

Natalie E Parks has provided consulting services to Biogen, EMD Serono, Roche, and Sanofi Genzyme. She has accepted funds from Biogen
and Roche for travel to a scientific conference. She has acted as site sub-investigator for clinical trials for Biogen, MedDay, Sanofi Genzyme,
and Roche. She is the recipient of a Killam Predoctoral Scholarship, Nova Scotia Graduate Scholarship, and Dalhousie Medical Research
Foundation Multiple Sclerosis Graduate Studentship.

Caitlin S Jackson-Tarlton: nothing to declare
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The title of the review was updated to "Dietary interventions for multiple sclerosis-related outcomes" from "Dietary interventions for
multiple sclerosis". In this review, there is an updated search strategy which captured the six RCTs on polyunsaturated fatty acid (PUFA)
described in the prior review (Farinotti 2012), along with additional trials. APer we determined the included studies, we decided to group
analysis into PUFA supplementation, antioxidant supplementation, dietary programme, and other supplementation. We assessed primary
outcomes (relapses, disability worsening) at last available follow-up to examine long-term response to the intervention. We updated study
descriptions, risk of bias, and outcome analyses.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Antioxidants  [*administration & dosage];  Diet, Fat-Restricted;  Diet, Paleolithic;  Diet, Vegetarian;  *Dietary Supplements;  Disease
Progression;  Fatty Acids, Monounsaturated  [therapeutic use];  Fatty Acids, Omega-3  [administration & dosage];  Fatty Acids, Omega-6
 [administration & dosage];  Fatty Acids, Unsaturated  [*administration & dosage];  Multiple Sclerosis  [*diet therapy];  Randomized
Controlled Trials as Topic;  Recurrence

MeSH check words

Adult; Humans
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